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Introduction 


The vascular system in the foliar organ of various dicotyledonous plants 
have hitherto been studied by many investigators in connexion with problems 
in some field of botany, e. g. by C. DE CANDOLLE (1868, 1879), Petir (1887, 1889), 
Acqua (1887), and Prrrr (1886) from the taxonomical point of view, by Cor 
(1903, 1904) from that of pure anatomy, and by GERRESHEIM (1913) and RIPPEL 
(1913) from that of physiologic anatomy. Although the total number of species 
dealt with by these authors in their attempt to ascertain the types that exist 
in the Dicotyledons as a whole, is large, it must be said that the number 
treated of each systematic group was small. On the other hand, there appeared 
during 1880-1910 a number of works on systematic anatomy that covered almost 
every family, and which touched on the problem of the vascular course and the 
histological features of the foliar organ, as may be seen, for example, in the work 
of THOUVENIN on the Saxifragacez (1890). The descriptions of the foliar organ 
given by these investigators, however, were usually much too brief, so that the 
need had been felt for more detailed studies, with the result that there have 
appeared, mostly during these last twenty years, such works as those on the 
Campanulacez by Cor (1904), on Rosacez (incl. Chrysobalaneze and Legumi- 
nose by MomRvirLEz (1919), on Leguminosz by WATARI (1934), on Euphorbiaceze 
by Deuay (1935), Moraceze, Urticaceze and Ulmacez by the same author (1934), 
on Aceraceze by WaATARI (1936), etc. The results of these investigations reveal 
the existence of many complicated types of vascular courses and delicate mutual 
relationships, such as in the transitional forms, and that the types of vascular 
system in some systematic groups show certain characteristic features, notwith- 
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standing the remoteness in their affinity, particularly when the habits of the 
plants and the external morphological features of the leaves are similar. The 
intimate relations between the external morphological features and the course 
of the bundles have recently come to be discussed, for example, by TROLL in 
several of his works (1932 a, b, 1933, etc). The writer too published the results 
of his studies on some species of Acer (1936). It will thus be seen that consider- 
able study is yet needed before it is possible to come to any final conclusions. 

In the course of this study, the writer examined many species of Saxi- 
fragaceze, and he hopes that the results here described will be found of interest 
in connexion with the preceding remarks. Some important histological features 
are also dealt with. 


Historical 


I shall now attempt to give a brief survey of the important work that has 
previously been done in connexion with the vascular anatomy of the leaves 
of saxifragaceous plants. 

The first to write on the subject was PETIT (1887), in his celebrated work 
* Pétiole des dicotylédones," in which he briefly described the vascular system 
in the petiole as well as certain histological features, for which he selected a 
few species of Bergema, Heuchera, Hydrangea, Philadelphus, Escallonia and 
Ribes (pp. 102-105), and, in conclusion, assigned some of them (Heuchera, Ribes) 
to the *types simples" (p. 171). 

In 1890, Leist gave the comparative anatomy of a number of species of 
Saxifraga, and showed that the foliar trace is single in most species, with only 
a pair of traces in a few of them, although, in the stem there are several types 
of vascular courses. In the same year, one of the most important studies was 
made by THOUVENIN (1890), who stressed the importance, as done in the in- 
troduction of his paper, of ascertaining the anatomical features of the roots, 
stems, and leaves of Saxifragaceze, which are valuable for classification. He 
treated a large number of species of Saxifragaceze (in a wide sense), including 
such species as are nowadays usually classified among independent families, 
for example, Cunoniacee, Hamamelidaceze, Bruniaceaze, and Cephalotacez. 
In most genera, he described the number of foliar traces of a leaf and their 
course in the leaves. As to the structure of the bundles in the petiole and 
nerves, he noticed the nature of the elements of the pericycle and of the 
endodermis that either completely or partly surrounds the bundle. He describ- 
ed the endodermis in about a dozen of genera, and concludes by considering 
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the affinities between Saxifragaceze and a number of other families, based on 
the various anatomical characters thus manifested. From the view-point of the 
resemblance of the vascular systems in the petioles, he emphasized the intimate 
relation between Hydrangea and Viburnum. 

Bouvcuss (1902) noticed the concentric structure of the petiolar bundles 
in Bergenia and Saxifraga and pointed out the especially interesting feature 
of the latter in possessing a typical endodermis, as in the case of certain species 
of Rosacez and Cruciferze. SoLEREDER summarized the results of PETIT and 
THOUVENIN in his *Systematische Anatomie der Dicotyledonen” (1899, p. 351 
sqq.) while in *Ergánzungsband" (1908) he gave a brief description of 
Penthorum (p. 129) and introduced BouycuEs’s work (p. 337). 

Cor (1904), who dealt with Philadelphus coronarius and Deutzia scabra 
(=D. crenata), regarded these two species as a case of “faisceaux anormale- 
ment placés dans le limbe seul ou dans le pétiole seul" under the heading 
“faisceaux anormalement placés dans les feuilles des plantes a tige normale” 
(IL. part., I. Chap., p. 99 sqq). JANczEwsku (1907), in the introduction of his 
* Monographie des Groseilliers," briefly referred to the vascular course in the 
petiole of Ribes. 

In his anatomical and physiological work on the vascular system in the 
palmately compound leaves of Dicotyledons, RrPPEL (1913) divided the vascular 
systems into eight types, Saxifragra rotundifolia being selected as representing 
the third. In this species, he noticed the presence of a pair of foliar traces 
that issued from the lateral side of a gap. A few other genera (Heuchera, 
Ribes) were also described. Srnnotr (1914), who placed taxonomical and phylo- 
genetical importance on the number of foliar gaps, divided the nodal types into 
*unilacunar," *trilacunar," and “multilacunar,” and added that, although the 
dominant type among the species of Rosales is “trilacunar,’ yet in Saxi- 
fragaceze, as well as in Rosacez, Crassulacez, Platanaceze, and Leguminose, 
there are some species that show multilacunar type; Schizophragma, Astilbe, 
and a few species of Hydrangea being ‘examples of those showing five or seven 
gaps. In his table, however, no case of unilacunar type in this family is given. 

The summarized record of MoRviLLEZ's discourse at the “Séances de l- 
Academie des Sciences, Paris” (1918) is an important publication dealing with the 
Saxifragaceze, with special reference to the vascular system in the foliar organ. 
Excepting the unilacunar species, he dealt with over a dozen of genera, grouped 
into eight tribes, including a group that is not included in the present study 
(Fam, Cunoniacez), namely, I. Saxifragées, II. Brexiées, III. Francoées, IV, 
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Escalloniées, V. Ribesiées, VI. Cunoniées, VII. Philadelphées, VIII. Hydrangées. 
After briefly describing the course of the vascular systems of each group, he 
concluded with the statement that, among the Saxifragacez, the groups with 
superior ovary (Brexiées, Cunoniées) and those including genera with superior 
ovary (Astilbe, Bergenia) show well characterized features in various parts of 
the vascular system, while the groups with inferior ovary tend to be reduced 
into a simple arc, and that there are vestiges of “types d'organisation pré- 
cedents" in groups that are characterized by opposite leaves (Philadelphées, 
Hydrangées) whereas there are no such vestiges in groups having alternate 
leaves (Escalloniées, Ribesiées) Affinities between Saxifragaceze and some 
species of Rosaceae, as well as Leguminosa, were suggested. The results of 
MORVILLEZ were made known by ENGLER in his Saxifragacez, in “Die natur- 
lichen Pflanzenfamilien ” (1930, p. 74). i 

TROLL (1932) published a morphological work on peltate leaves, in which 
he discussed several saxifragaceous species, e.g. Peltoboykinia tellimoides, 
Rodgersia pinnata, Astilboides tabularis. In the case of P. tellimoides, he 
showed that the arrangement of the petiolar bundles changes with the external 
morphology of the leaves, that is, in the peltate leaves, the bundles are dis- 
posed in typical unifacial arrangement, while in leaves in which the petiole 
are attached to the lamina base, the bundles are disposed in the bifacial manner. 
'The arrangement of the petiolar bundles in a few concentric circles in AsZl- 
boides tabularis is also illustrated. 

UENo and Nakaoxi (1934), in their comparative anatomy of several species 
of Hydrangea, noticed a particular arrangement of the bundles in the midrib 
of H. involucrata. 

Materials and Methods 

Most of the materials used in the present study are native to Japan proper, 
although a few species from Formosa, Korea, Hawaiian Islands, New Zealand, 
Philippines, etc., and some other exotic species that were cultivated in the 
Botanic Garden of the Tokyo Imperial University were also used. In the 
following List of Materials are shown all the species that were studied. 'The 
arrangement of large subdivisions (subfamilies, tribes, etc.) of the family follows 
mainly the system adopted by ENGLER in his * Die natürlichen Pflanzenfamilien " 
(1930). Important synonyms are also shown when considered desirable. In this 
list, for convenience in understanding the systematic position of the materials 
studied, the names of the subfamilies and genera that have not been treated in 
the present study are nevertheless added in brackets. 
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List of Materials 


The abbreviations used are:—Sf., subfamily; Tr., tribe; Str., subtribe; 
Sg., subgenus; 2, section; 22, subsection. 


Sf. PENTHOROIDEZE— Penthorum chinense PURSH. 

Sf. SAXIFRAGOIDEA—Tr. Saxifragee—str. Astilbine.— Astilbe : 2 Simplicifolize, 
A. simplicifolia MAKINO; $ Composite, A. congesta NAKAI, A. Thunbergii MIQ., A. fuji- 
sanensis NAKAI, A. nipponicum NAKAI, A. glaberrima NAKAI 1. saxatilis NAKAI, 1. terrestris 
NAKAI, A. hachijoensis NAKAI, A. japonica MIQ., A. microphylla KNOLL, A. platyphylla 
Boiss.—Rodgersia podophylla A. GRAY—Astilboides tabularis ENGLER—Str. Leptarrhenieze 
—Leptarrhena pirolifolia R. BR—Tanakea radicans FRANCH. et SAV.—Str. Saxifraginze 
—Oresitrope rupifraga BUNGE—Aceriphyllum Rossii ENGLER—Bergenia crassifolia 
FRITSCH., B. cordifolia A. BR., B. Stracheyi ENGLER—[Jepsonia, Bolandra, Sullivantia]— 
Boykinia major A. GRAY, B. elata (NUTT.) GREENE— Peltoboykinia tellimoides HARA 
(Boykinia tellimoides ENGLER et IRMSCH.)—Neoboykinia lycoctonifolia HARA (Boykinia 
lycoctonifolia ENGLER)—[Suksdorfia, Hieronymsia, Peltibhyllum]—Saxifraga : à Nephro- 
phyllum, 22Sibirica, S. cernua L., S. bracteata D. DON (S. Fauriei BOISS.); 4 Euaizoonia, 
$$ Peraizoonize, S. Aizoon JACQ.; 4 Dactiloides, 22 Caespitosze, S. decipiens ENGLER et IRMSCH.; 
2 Trachyphyllum, S. cherlerioides D. DON var. rebunshirensis HARA, var. togakushensis HARA; 
2 Boraphyla, 24 Punctate, S. reniformis OHWI, S. japonica BOISS., .S. fusca MAXIM. var. 
Kikubuki OHWI, var. divaricata FRANCH. et SAV. 4 Nivali-virginiensis, S. sachalinensis Fr. 
SCHM., 22 Integrifolia, S. integrifolia HOOKER, 24 Stellares, S. laciniata NAKAI et TAKEDA, 
23 Merkiane, S. Merkii FISCHER var. typica ENGLER et IRMSCH., var. Jdzuroei ENGLER; 
2 Diptera, S. nipponica MAKINO, S. madida MAKINO (S. cortusafolia), S. stolonifera MEERB., 
S. Fortunei HOOKER (S. mutabilis KOIDZ.), S. Jotanii HONDA, S. sendaica MAXIM.—[Saxi- 
fragopsis, Saxifragella, Zahlbrucknera] — Tiarella polyphylla D. DON, T. unifoliata HOOKER— 
Heuchera convallaria var. carnea, H. sanguinea ENGLM.— Tolmiea Menziesii TORREY et 
GRAY—AMitella pauciflora ROSENDAHL, M. japonica MAXIM., M. Yoshinage HARA, M. 
stylosa BOISS., M. ovalis GREENE— Tellima grandiflora R. BR.—[Elmera, Lithophragma, 
Conimitella]- Chrysosplenium : à Alternifolium, C. japonicum MAKINO, C. flagelliphyllum 
FR. SCHM., C. tosaense MAKINO; ¢Oppositifolium, C. ramosum MAXIM., C. Grayanum 
MAXIM., C. kamschaticum FISCH., C. Fauriei FRANCH., C. macrostemon MAXIM., var. 
atrandrum HARA, C. shiobarense FRANCH., C. Maximowiczii FRANCH. et SAV., C. rhodo- 
spermum MAXIM., C. spharosbermum MAXIM., C. album MAXIM., C. stamineum FRANCH. 
—[Valia]—Tr. Francoez —Francoa sonchifolia CAV.—[Tetilla|—Tr. Ribesiee—Ribes: Sg. 
Ribesie, R. mandshuricum KOMAROV var. subglabrum KOMAROV, R. multiflorum KITAIBEL, 
R. triste PALL., R. rubrum L., R. petreum WULFEN, R. latifolium JANCZ., R. Meyeri MAXIM. 
var. turkestanicum; Sg. Coreosma, R. ambiguum MAXIM., R. sachalinensis NAKAI, R. san- , 
guineum PURSH, R. aureum PURSH, R. inebrians LINDLEY, R. cereum DOUGLAS, R. japonicum 
MAXIM, R. nigrum L., R. furfuscens JANCZ., R. ussuriense JANCZ.; Sg. Grossularioides, R. 
horridum RUPR.; Sg. Grossularia, R. Lobbii A. GRAY, R. pinetorum GREENE, R. burejense 
FR. SCHM., R. stenocarpum MAXIM., R. alpestre DECAISNE, R. formosanum HAYATA, R. 
grossularioides MAXIM., R. microphyllum KUNTH, R. setosum LINDLEY, R. grossularia L., 
R. hirtellum MICHAUX, R. divaricatum DOUGLOUS, R. rotundifolium MICHAUX, R. curvatum 
SMALL; Sg. Parilla, R. fasciculatum SIEB. et ZUCC.; Sg. Berisia, R. diacantha PALL., R. 
Giraldii JANCZ. var. polyantha KITAGAWA, R. distans JANCZ., R. alpinum L., R. tricuspe 
NAKAI, R. tenue JANCZ. 

[Sf. LEPUROPETALOIDE/E-——Lepuropetalon] 

Sf. PARNASSIOIDEZE— Parnassia foliosa HOOKER f. et THOMS. var. nummularia 


Y 


200 S. WATARI 


NAKAI, P. palustris L. var. multiseta LEDEB. 

(Sf. TETRACARPZEOIDEZE — Tetracarpæa] 

Sf. PTEROSTEMONOIDEÆ—Pterostemon mexicanus SCHAUER 

Sf. ITEOIDEA:—Itea: %Sempervirentes, I. arisanensis HAYATA, I. chinensis HOOKER’ 
et ARN., I. parviflora HEMSL.; à Deciduæ, I. japonica OLIV., I. virginica L. 

Sf. BREXIOIDEA:—[Brexia]|—Ixerba brexioides A. CUNN.—Roussea simplex SMITH. 

Sf. KIRENGESHOMOIDEÆ—Kirengeshoma palmata Y ATABE 

[Sf. KANIOIDEÆ — Kania] 

Sf. BAUEROIDEÆ—Bauera rubioides ANDR. 

Sf. HYDRANGEOIDEÆ—Tr. Philadelpheæ—Carpenteria californica TORR.—Phila- 
delphus grandiflorus WILLD., P. Lewisii PURSH., P. verrucosus SCHARD., P. satsumensis 
MIQ. (P. Satsumi SIEB.), P. coronarius L.—[ Jamesia, Fendlera, Fendlerella)— Deutzia gracilis 
SIEB. et ZUCC., D. crenata SIEB. et ZUCC., var. pubescens NAKAI, D. Sieboldii KOERN., D. 
uniflora SHIRAI — Whipplea modesta 'TORREY— Tr. Hydrangeeze— Deinanthe bifida MAXIM. 
—Cardiandra alternifolia SIEB. et ZUCC.— Platycrater serrata MAKINO (P. arguta SIEB. et 
ZUCC.)—H ydrangea : $ Euhydrangea, 22 Petalanthee, H. luteo-venosa KOIDZ., H. scandens 
SERINGE, H. formosana KOIDZ., H. macrosepala HAYATA, H. grosseserrata ENGLER, H. hirta 
SIEB. et ZUCC., H. serrata SERINGE, var. Thunbergii MAKINO, var. amagiana MAKINO, H. 
yezoensis KOIDZ., H. japonica SIEB., H. macrophylla SERINGE, var. Otakusa NAKAI, 22 Hetero- 
malle, H. paniculata SIEB., 22 Americanæ, H. cinerea SMALL, H. arborescens L., H. sikokiana 
MAXIM.; 22 Asperæ, H. involucrata SIEB.; ĝ Calyptranthe, H. petiolaris SIEB. et ZUCC.— 
Schizophragma  hydrangeoides SIEB. et ZUCC.— Pileostegia viburnoides HOOKER f. et 
THOMS. var. parviflora OLIV.—Dichroa febrifuga LOUR., D. philippinensis SCHLTR., D. 
platyphylla MERRILL, D. mollissima MERRILL—Broussaisia arguta GAUDICHAUD, B. pellucida 
GAUDICHAUD—[Decumaria]. 

Sf. ESCALLONIOIDEZE—[Tr. Anopterezx --Anopterus—Tr. Cuttsieze—Cutlsia, Abro- 
bhyllum—Tr. Tribelisee—Tvibeles—Tr. Forgesieee—Forgesia, Choristylisj—Yr. Argophylleze— 
Corokia buddleioides A. CUNN.—Carpodetus serratus FORST.—[Argophyllum, Bernice, Col- 
meiroa|—(Tr. Pottingerieæ — Pottingeria]— Tr. Escalloniee—Quintinia serrata DC.—Escal- 
lonia rubra PERS.,—[Tr. Polyosmatee—Polyosma]. 

(S£. MONTINIOIDE A2—Montinia]. 

[Sf. PHYLLONOMOIDEZE—Phyllonoma]. 


As listed above, of nearly 80 genera (adding Peltoboykinia and Neoboykinia) 
of 15 subfamilies of ENGLER’s system, 170 species belonging to 44 genera in 10 
subfamilies were examined in the present study. On the other hand, there 
were treated by previous investigators, species from 38 genera of 9 subfamilies, 
of which 27 are reexamined, while 11, namely, Peltibhyllum, Zahlbrucknera, 
Vahlia, Tetilla, Brexia, Jamesia, Decumaria, Anopterus, Abrophyllum, Polyosma, 
are not treated in the present study. The genera newly studied are the follow- 
ing 17, namely, Astilboides, Leptarrhena, Tanakea, Oresitrope, Aceriphyllum, 
Neoboykinia, Tolmiea, Pterostemon, Kirengeshoma, Whipplea, Deinanthe, Car- 
diandra, Pileostegia, Dichroa, Broussaisia, Corokia, and Carpodetus. 

In the present study, leaves of average size and of full maturity are mostly 
examined. As far as possible, very large and small leaves were, however, also 
examined, seeing that they are very important in arriving at correct con- 
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clusions on the relationship of the vascular systems in one and the same species 
as well as in the related ones. The special terms used in this paper are mostly 
those that have been used in the writer's works on the Leguminosze (1934) 
and Aceracez (1936) The new terms used will be explained in the text. 

The following abbreviations are used in the text figures : 

b; Ba,2, etc): stele of branch, branch traces. 

crn: crystal needle. 

Cs: Casparian strips. 

dr: druse. 

ex (ex): parts corresponding to extremities of the original outermost 
traces. 

f; Fax etc): foliar traces. 

L (L’\a,2, ete); 1,2,..., I,II, ...: lateral foliar traces and their derivatives. 

Z 2a, 2, etc): lateral bundles of dorsal arc. 

M: median foliar trace. 

m: median bundle of dorsal arc. 

mx: metaxylem. 

^ (n'\1,2, etc.) : nerve bundle. 

per: pericycle. 

ph: phloem. 

px: protoxylem. 

Y (Y): ridge of petiole. 

va: raphide. 

YLCEEEOODSDEACO: 

s: stele of stem. 

ssh: starch sheath. 

sx: secondary xylem. 

tc: tannin cell. 

v (v): ventral bundle or ventral system. 

x: xylem. 

Other abbreviations or signs will be explained in the text. In the schema 
showing the topography of bundles; xylems are shown in solid black or are 
roughly shaded; phloem, white or dotted ; pericycle sclerenchym, densly shaded. 

Technique. In the preliminary observations, serial free hand sections, or 
rarely, those made with the aid of a sliding microtome of several leaves of each 
species from fresh specimens, or those fixed in formalin-acetic alcohol, or some- 
times in alcohol or formalin, were often temporarily mounted in a mixture of 


202 S. WATARI. 


glycerine and a dilute aqueous solution of methyl green. For the purpose of 
detailed study, permanent preparations were made from a larger number of 
leaves. In mounting the sections on slides, the agar-method that I used in my 
study of the leguminous and aceraceous plants were frequently used (1934, 
1936). The buthyl-alcohol paraffin method of imbedding was also used in 
nearly all soft or relatively soft leaves. In these cases, the materials were 
often fixed in Bourn’s solution or in chromo-acetic-alcohol, besides formalin- 
acetic-alcohol, according to the nature of the leaves. Serial sections were 
usually cut at 15. These sections were ordinarily stained with safranin and 
light green, safranin and DELAFIELD’s haematoxylin, or safranin and HEIDEN- 
HAIN's haematoxylin. In some cases, however, FEULGEN's reaction, instead of 
safranin, was used for trial with excellent results. 
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I. Descriptions 


I. Subfam. PENTHOROIDEZE 
Penthorum 


P. chinense. Herbs. Leaves penninerved, linear-lanceolate, gradually nar- 
rowed into short bifacial petiole; estipulate. 

Vascular course. For each leaf a single foliar trace issues from the stem 
stele at the node. A little above the petiolar base, the lowest pair of nerves 
branches from the margins of the petiolar bundle (Photo 1 A : middle of petiole). 
The rest of the nerves also branch out from the margins. Petiolar bundles as 
well as the bundle in the midrib show a flattened and very slightly curved 
collateral structure", 

Histological features. The woody part consists of radial rows, separated 
by narrow rays (1-2 cells in breadth), and is composed of well-developed 
metaxylem, and from a few to several layers of thick-walled secondary xylem 
(Photo 1B: a part of petiolar bundle) The pericycle consists of 2-4 layers 
of parenchymatous, often slightly collenchymatous, elements. A layer of starch 
sheath is present along the outside of the pericycle, its arrangement being rather 
irregular. 


II. Subfam. SAXIFRAGOIDEAEZ 
a. SAXIFRAGEÆ 
1. Astilbe 


Herbs. Leaves alternate, simple ovate, palmately nerved, cordate at the base 
in 2 Simplicifoliæ ; thrice compound in 2 Composita; petioles slender, with 
fleshy, short, and stipulated sheath at base. In many species, inner margins 
of stipules meet exactly on the ventral median line of the petiole or often 
axillarily fuse together in A. nipponicum. Petioles in many cases show uni- 
faciality, which structure usually continues throughout the petiole, although in 
some species (A. nipponicum, A. japonica, A. microphylla) the unifacial structure 
changes into a subunifacial one by the appearance of a narrow groove at a 
certain height of the slender part. In A. glaberrima, the petiole is subunifacial 


1) According to SOLEREDER (1908, p. 129), in Penthorum (probably P. sedoides L.), 
there is a “ bogenförmiges Leitbündel" in the petiole. His descriptions of the features of 
the woody part of the stem, however, agree with my observation on that of the petiolar 
bundle. 
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throughout. The junction of three petiolules forms a specially swollen arti- 
culation. There is always a narrow groove in the petiolule. 

Vascular course. ł Composita. The number of traces? entering a radical 
leaf varies partly with the characters of the species, partly with variation in 
leaf-size, even in one and the same species; in every case a single trace issues 
from a gap. In smaller species, they are 3-5 (A. glaberrima 1. terrestris) or 
5-8 (A. glaberrima 1. saxatilis); in vigorous species they reach 17 (A. con- 
gesta); while in other species they are usually 7-13. As soon as traces enter 
the petiolar base, they are arranged in an arc along the dorsal side, each trace 


Fig. 1. A-D (x6) Astilbe Thunbergi: A, middle of sheathing base; 
B-D, successive levels of petiolar top. E-G (x15), A. simplicifolia: E, middle 
of petiole; F, petiolar top; G, lamina base. 


being deeply curved, although some of the lateral traces are frequently con- 
centric”. Some of them divide each into a few bundles, whereas in the mean- 
time some lateral traces issue from their margins, the small bundles that 
migrate towards the ventral during their passage through the sheathing base 


1) SINNOTT (1914, p. 313) gave the number of gaps and traces in Astilbe as 5 or 7. 
THOUVENIN (1890, p. 58-59, Pl. 10, Figs. 3-7), in describing A. japonica and A. rivularis, 
mentioned the occasional presence of concentric traces, the manner of formation of the ventral 
bundles and ring arrangement of the petiolar bundles almost agreeing with my present 
observation. He says that the number of traces is 4, 5, or 12, and that the ventral bundles 
are derived from all the traces except the outermost ones. 
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arranging themselves on the arc chord, the bundles on the chord, namely, 
the ventral bundles, or ventral system as I call them, and those of the dorsal 
arc being so situated as to face their respective xylems». In every species, 
the median trace is always independent of the ventral bundle formation. In 
an example illustrated (Fig. 1 A: a case of A. Thunbergii, middle of sheathing 
base; ex, ex' are outer margins of outermost lateral traces), there are eleven 
traces, a median M and five laterals on each side 7-V and 1-5, and lateral traces 
I, III, IV, 1, 2, 3 send out the ventral bundles Jv, IIIv, IVv, 1v, 2v, 3v respec- 
tively. Entering the slender part of the petiole, the bundles gradually approach 
one another, when some of them either divide further or fuse together. Mean- 
while, the crescent arrangement changes into a ring. The number of petiolar 
bundles is usually proportionately large compared with that of the traces, each 
bundle being narrow or broad, cuneiform, and collateral (Photo. 1 C, D, E: middle 
of petiole, A. Thunbergii, A. fujisanensis, A. glaberrima 1. terrestris re- 
spectively”. 

At a point near the petiolar top, according as the slender part gradually 
swells at the articulation, the vascular ring diverges and increases its diameter, 
while the bundles here show some division. There soon issues a pair of medul- 
lary bundles that start from the latero-ventral parts of the vascular ring, followed 
by some bundles from various parts of the vascular ring, to become medullary, 
their invagination, as well as fusion, anastomosing, and twisting resulting 
frequently in a concentric structure with the outer or, rarely, the inner xylem 
(Photo. 1G: A. japonica). When the vascular rings for the respective petiolules 
divide, the bundles on the outer ring become a few large bundles on the dorsal 
side of the vascular ring for the median petiolule, and many bundles on the 
dorsal and outer half of each ring for the lateral petiolule, while the medullary 
bundles become bundles on the ventral half of the median ring and those on 
the inner-lateral of each lateral ring. In a few examples (A. glaberrima 1. 
terrestris), the medullary bundles thus formed frequently amount to only a few, 
but as a rule they are fairly numerous (Photo. 1G: A. japonica), whereas in 
some examples (e. g. A. congesta, A. Thunbergii, A. nipponicum, A. platyphylla) 
they are especially numerous, in which case, some of them often leave the 
vascular ring quite abruptly, fusion, division, and anastomosing occuring every- 
where (an example is shown in Fig. 1 B-D: A. Thunbergii). These figures 
represent conditions further beyond in Fig. A. In the figures, the xylem of 


1) 2) See foot note 1) on p. 204. 
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bundles that are going to or have become medullary are shown in solid black, 
while those of bundles from the outer ring are roughly shaded. This is re- 
cognized in tracing the continuity of these bundles on each ring thus formed 
to the original foliar traces, as will be easily seen from the corresponding signs 
in the figures (M, J, 1, Iv, 1v, etc. in Fig. 1 A,D; the median bundle in each 
ring is marked *), that a few bundles on the dorsal of the median ring are 
derived from the original median and lateral.traces (JJ, 2) fairly near it, and 
the others, chiefly from some other laterals (ZII, IV, V, 1, 2, 4); and that the 
bundles on the dorsal half of each lateral ring are derived mainly from lateral 
traces II, IV, V (on the right), or 2, 3, 4,5 (on the left) while the ventral half, 
from the ventral bundles (Jv, I/Iv, IVv on the right; lv, 2v, 3v on the left). 
In every species, the ventral system usually has nothing to do with the formation 
of the vascular ring of the median petiolule, but even if it does, it is only to 
a very small extent. 

Although, in the petiolules, these bundles again undergo fusion or division 
at each junction of the secondary or tertiary petiolules, where they form also 
some medullary bundles, the number of bundles in the vascular ring as well 
as the medullary bundles formed become smaller and smaller. In the petiolules 
that are directly attached to the leaflets, the ring usually consists of only a 
few large bundles. This ring, which opens as soon as it enters the leaflet, gives 
off a few nerves from its latero-ventral parts to form a continuous arc, the 
successive lateral nerves issuing from the margins of the arc. 

2 Simplicifolie. In A. simplicifolia, usually 3, 4 or sometimes 5 traces enter 
a leaf. The vascular system in the petiolar base and the slender part is the 
same as in the case of examples of small size of the former section, there 
being usually in the slender part several somewhat large bundles (Photo. 1F: 
middle of petiole; Fig. 1 E: another example of a petioler middle having been 
derived from 4 traces, a median M, a lateral Z on the right, two laterals 1, 2 
on the left—the petiolar bundles as a continuation of these traces is shown 
in the corresponding signs). At the petiolar top, the lateral and ventral bundles 
each send out one or two medullary bundles; the outer ring opens into an 
arc, usually so formed that the two halves of the ventral bundle are situated 
one on each extremity ; the bundles on the arc form the dorsal arc of each 


1) MORVILLEZ (1918, p. 555, Fig. 1) wrote in describing A. japonica “au niveau de 
l'émission des rachis latéraux, la trace foliaire présente, de chaque cóté, trois régions plus 
saillantes vers l'extérieur, d’ou, partent les éléments qui se rendent dans ces ramifications 
latérales." 
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Photo. 1. A, B, Penthorum chinense: A (x25), petiolar top; B ( x 80), median part of a 
petiolar bundle. C-F (x20), middle of petiole: C, Astilbe Thunbergii; D, A. fujisanensis ; 
E, A. glaberrima 1, terrestris; F, A. simplicifolia. G (x30), A. japonica: petiolar top. H 
(x100), A. Thunbergii; a petiolar bundle. 


1 
t 


Phote. 2. A-C, Astilboides tabularis: A (x10), a higher part of petiole, bundles 
are arranged on an outer and two medullary rings; B (x10), a large nerve, near the 
lamina base; C (x120), details of a bundle of the outer ring of petiolar stele. D 
(x10), Rodgersia podophylla: middle of petiole, bundles are arranged on beautiful con- 


centric rings. 
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nerve, while the medullary bundles either fuse with the margins of the arc or 
form ventral systems of the nerves (Figs. 1 F, G: medullary bundles, and the 
xylems of the parts derived from them in the nerves are shown in solid black and 
the continuation of the bundles to the original traces shown by corresponding 
numerals) It is therefore worth noting that the ventral system, in which the 
margins of the outermost traces do not continue onwards, usually becomes, 
independently, the outermost pair of nerves, as in the illustrated example. 

Histological features. The woody elements are arranged in radial rows 
which are separated by rays usually 1 cell broad, the metaxylem being well- 
developed, a few secondary ones being formed. Their number in a row is 
usually 5-10. In many species, the pericycle consists of 5-10 layers, while in 
the smaller examples, such as A. glaberrima 1. terrestris and A. simplicifolia, 
it is 3-5, and in vigorous ones (A. congesta) often 15 or more. In every 
species, the pericycle cells are sclerenchymatous except at the junctions of 
ramifications. A layer of starch sheath, the walls of which become slightly 
thickened when matured, completely surrounds the vascular ring. An example 
of petiolar bundles in A. Thunbergii is shown in Photo. 1H. 


2. Astilboides and Rodgersia 


Large herbs. Leaves simple, large”, peltate, palmately nerved in A. tabularis 
and palmately compound with 5-7 cunate and short petioled folioles in R. 
podophylla ; petiole unifacial, long, with fleshy sheath which, in Astilboides, is 
provided with stipules. Stipular margins in the latter meet exactly on the 
ventral median line of petiole or is more or less axillarily fused (Fig. 2 A). 

Vascular course. In A. tabularis, numerous traces from their own gaps 
issue from all round the stem cylinder. Although they are usually 20-30 in 
the smaller examples, they reach 50 in the larger leaves, probably exceeding 
70 or more in the very large leaves. The number of laterals between one side 
and another frequently differ by several laterals according to the asymmetric 
size of the sheathing base. An example of vascular skelet in the petiolar base 
is shown in ventral and lateral views (Fig. 2 B, C), the number of traces being 
45, namely, a median M, 25 laterals 1-25 on the side shown in Fig. 2C, 19 on 
the opposite”. A few traces on both extremities supply the veinlets of stipules 


1) The lamina of A. tabularis often reaches 1m. in diameter. 

2) One of the largest examples used in the present study, the lamina being about 50cm. 
broad, petiole 75 cm. long and 1.2cm. in diameter at the top. After the sheathing petiolar 
base had been allowed to rot by immersing it in water for a long while, the vascular skelet 
was picked out by means of a needle and a pair of sharp forceps. 
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Fig. 2. A-C, Astilboides tabularis: A (ca. x1), external aspect of asymmetric 
sheathing base, ventral view ; B, C (x5), complicated vascular skelet in petiolar base, 
ventral and lateral view respectively. 
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only (22-25 in Fig. 2C and two traces in the opposite side) ; stipular fascicules 
also successively branch from a pair of traces (21). As soon as they enter 
the petiolar base, many of the other traces divide each into more bundles. 
Some of these bundles arrange themselves on the periphery of the petiole to 
form the main part of the outer ring of the petiole, there being a few divi- 
sions or fusions among them (e. g. bundles from traces M-3, 5, 7, 9, 11, 13, 15, 
17-21 in Fig. 2 C), the remaining bundles shifting toward the ventral together 
with the traces that have no connexion with the main part of the outer ring 
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Fig. 3. A-F (x7), Astilboides tabularis: A, base of slender part of petiole; B, 
near the petiolar top; C, extreme top of petiole; D, nerve near the lamina base; 
E, F, branching of nerve. 


(e. g. 4, 6, 8, 10, 12, 14, 16). After repeating the division, fusion, anastomos- 
ing, and twisting, a small part of the bundles, during their passage through 
the sheathing base, emerges from these vascular complications and occupies a 
small ventral part of the outer ring (v in Fig. 2B), while the others become 
the numerous irregularly disposed medullary bundles (cf. Fig. 3A). In the 
slender part, the number of bundles on the outer ring are gradually reduced 
by fusion. The irregular disposition of the medullary bundles at the base 
changes, undergoing frequent fusion and division, to form, together with the 
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outer ring, a few beautiful rings at a higher part of the petiole, there being 
usually a few scattered bundles in the center. A small number of medullary 
bundles further insert themselves into the various parts of the outer ring. 
The number of medullary rings is two or rarely more in the larger ones 
(Photo. 2 A), while in the smaller examples, it is often a single (Fig. 3B). It is 
probable that in very large ones, they may reach three or more. For con- 
venience, the concentric medullary rings will ‘be numbered, beginning from the 
outer toward the center, medullary ring 1,2,3,.. or merely ring 1,2,3,.. 
Owing to their extremely complicated courses, the continuation of these petiolar 
bundles downward to the original traces is very difficult to trace. It was pos- 
sible to trace their whole course only in a few relatively small examples, a case 
being shown in Fig. 3A,B. In this example there are 39 traces, namely a 
median M, laterals 1-22 and J-XVI in each opposite half; traces 17-22 and 
XIV-XVI supply the stipules only, while the others enter the petiole, their 
continuation to the bundles on the extreme base (Fig. 3 A) and to near the 
petiolar top (Fig. 3 B) being shown respectively by the corresponding numerals. 
It will be seen again in this example, as in the case shown in Fig. 2B, that a small 
ventral part of the outer ring is occupied not by a pair of the outermost traces of 
those that enter the petiole, but by branches of some other traces, namely, 4, 15, 
III and VII (ex, ex’ in the figures are outer margins of the original outer- 
most traces) In other examples, however, a pair of lateral traces that supply 
many stipular fascicules are fused into a single bundle, being situated on the 
ventral median part of the outer ring. These facts seem to suggest some 
relationship between the external morphology and the vascular system. 

'The concentric arrangement continues to the extreme top of the petiole, 
where the palmate nerves diverge. After some divisions and fusions, especially 
among the bundles on the medullary rings, the bundles abruptly turn horizont- 
ally to enter the nerves. The bundles on the outer ring and medullary rings 
form bundles on the arc and the multilayered ventral system of the nerves 
respectively. These layers will here be called zone I, II, III, etc. of the ventral 
system, beginning with the layer that is nearest the dorsal arc towards the 
ventral. In most cases, the number of zones in the median nerve are from 
three to four, while in the others it is from two to three. The bundles on every 
zone show the same orientation as that of the dorsal arc. Occasionally a nerve 
forms, that is usually feeble, at a position opposite the median one (n, in Fig. 
3C) The vascular supply to such a nerve frequently consists only of a single 
dorsal bundle that continues downward, as in the case of Astilbe simplicifolia, 
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not to the outermost traces, but to the ventral system on the outer ring (e. g. 
v in Fig. 2B, the bundles between ex and ex’ in Fig. 3A) In the example 
shown in Fig. 3D, there are three zones, zone I derived from the ring 1, 
zone II from the ring 1 and the solitary bundles in the center, and III alone 
from the latter bundles (cf. Fig. 3B, C). Generally, as the order of the zones 
are higher they are derived from rings situated nearer the center of the petiole. 
Although each zone of the ventral system, as well as the dorsal arc, consists 
at first of a few separated bundles (Photo. 2B), they soon fuse into one 
bundle (Fig. 3 D, E. When the lateral nerves branch out, the dorsal arc and 
each zone of the ventral system divide and share the vascular supply (Fig. 3 F), 
while the feeble veinlets issue only from the highest zone of the ventral system 
(Fig. 3D), the number of zones being thus gradually reduced. Finally, there 
remains only a dorsal arc, the nerve approaching their extremities, and the 
veinlets issuing directly from the margins of the dorsal arc. 

In R. podophylla, the number of traces varies with the size of the leaves 
from 15 to 30. Although the complicated vascular systems are formed as in 
the case of Astilboides, in this species the outermost traces always fuse to- 
gether and lie on the ventral median part of the outer ring at the petiolar 
top of the sheathing base (Fig. 4 A). The medullary bundles become regular 
medullary rings, usually slightly below or above the petiolar middle, the number 
of rings being from one to three, usually two, and either one or a few solitary 
bundles in the center (Photo. 2D: middle of petiole)». At the petiolar top, as 
the petiole gradually increases its diameter, the bundles on each medullary ring 
rapidly increase in number by division, anastomosing and fusion taking place 
everywhere. Finally every bundle is divided in the same way as in the case 
of Astilboides and enters the petiolule of each leaflet. In Fig. 4 B, which shows 
the extreme top of the petiole, the bundles from the outer ring and each 
medullary ring are bordered by dotted concentric circles, while the bundles in 
each fan-shaped area, as shown by the broken lines, enter a petiolule (five 
petiolules in this case) Although in the petiolule, there are also many zones 
of ventral system, the bundles on the two lateral sides usually twist round, 
their woody parts facing the median vertical plane, with the result that there 
is formed, together with the dorsal arc, a deeply curved arc along the peri- 
phery of the petiolule (Fig. 4C). In the midrib of the leaflet, the zones and 


1) TROLL (1932) illustrated a transverse section of a petiole of R. pinnata FRANCH., as 


an example of unifacial arrangement of petiolar bundles, showing an outer ring consisting of 


about 40 bundles, a medullary ring of 14 bundles, and 2 bundles in the center. 
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dorsal arc again become clear (Fig. 4D). The manner of vascular supply to 
the veinlets and larger nerves are identical with the case of Astiboides (Fig. 
4 D, E). 

Histological features. The woody part consists chiefly of well-developed 
metaxylem, the secondary elements being very small in quantity. The con- 
ducting elements are arranged approximately in radial rows, but more irregular 
than in the case of Astilbe ; moreover, in a row, there is a tendency for the 
metaxylem elements, especially in the early differentiated ones, to appear not 
in chain arrangement, but separated by parenchymatous elements (Photo. 2C: 
bundle on the outer ring of A. tabularis, cf. Photo. 1 H). The pericycle is 8-12 
layered (average) and sclerenchymatous, as well as in the case of the tissue 


Fig. 4. Rodgersia podophylla: A, top of sheathing base; B, petiolar top; C 
petiolule; D, E, manner of departure of lateral nerves. (x5) 


? 


adjoining the protoxylem, excepting the very base and top of tlie petiole, the 
walls being very thick in the bundles on the outer ring and relatively thin in 
the medullary ones. No typical endodermis can be distinguished, but the 
cells immediately outside the pericycle form a fairly well-defined layer which 
gradually becomes obscure towards the protoxylem side and the walls are 
lignified in the matured leaves, abundant starch grains and sometimes much 
tanniferous substances being found in the younger ones. 


3. Leptarrhena 


L. pirolifolia. Herb. Leaves mainly radical, palmately nerved, ovate, 
gradually transits into broad sheathing base; estipulate. 
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Vascular course. Usually 6-10 traces arise from distinct gaps on the stem 
node, a few very feeble traces being frequently found among them. The 
number of lateral traces on the left side and the right very often differs by 
one or two traces. They pass through the broad base in gradually approach- 
ing one another, converging a little above the lamina base, although no fusions 
or connections between these traces are found. The outermost traces supply 


A 


Fig. 5. A(x11) Leptarrhena pirolifolia: Vascular skelet of a leaf. B-D, Tanakæa 
vadicans: B,C, diagrams of two types of the vascular system in petiolar top; D 
(x400), a part of sclerenchymatous pericycle (fer) and starch sheath (ssh) with Cas- 
parian strips (Cs). 


the nerves in the basal part of the lamina, while the median one runs up 
without division until it reaches the higher part. 'The nerves in the middle 
part of the lamina are supplied by the traces lying between the median and 
the outermost ones (Fig. 5 A). 

Histological features. 'The woody part consists of radially arranged, well- 
developed, metaxylems and a few secondary elements. The pericycle has 4-6 
layers, its elements being sclerenchymatous throughout the whole course. 
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Although a layer of thin-walled, fairly or sometimes very well-defined, paren- 
chyma completely surrounds every bundle, the Casparian strips cannot be dis- 
tinguished in any example. 


4. Tanakea 


T. radicans. Herb. Leaves palmately nerved, simple, ovate-lanceolate, slight- 
ly cordate at the base; petiole slender, slightly grooved, bifacial, stipulate and 
broad at the base. 

Vascular course. Usually there are 3 traces. These traces, which are alike 
in size or the laterals are slightly smaller than the median, issue from distinct 
gaps, which in vigorous leaves number 4 or 5. There are no stipular traces. 
Although these bundles approach one another, they usually remain separate 
(Photo. 3A: middle of petiole) until they fuse into an open arc slightly below 
the petiolar top, while in the meantime, preceding the fusion of the bundles, a 
pair of small bundles for the lowest nerves issue from the outer margins, with 
the result that at the petiolar top, there is an arc and a pair of small bundles 
on the arc ends. Soon the arc divides into the same number as there is of 
the palmate nerves and of size proportional to them, the median bundle retain- 
ing the size of the median petiolar bundle and sending out several nerves, 
marginally, a pair on the lamina middle being especially large (Fig. 5 B). 

In some examples, however, instead of fusion occurring in the petiolar 
bundles, they only approach one another or come into contact, the median 
bundle directly entering the median nerve and the laterals dividing and form- 
ing the lateral palmate nerves (Fig. 5 C). It may thus be said that the original 
median trace is continuous only to the median nerve, even when the bundles 
fuse into an arc at the petiolar top. 

Histological features. The woody part shows a beautiful radial arrange- 
ment as in the former species, about 10-12 elements in a row. The pericycle 
has 6-10 layers, being sclerenchymatous, and so also are some of the elements 
on the protoxylem side, throughout nearly the whole length of the petiole and 
nerve, but parenchymatous in the petiolar top and lamina base. A fairly well- 
defined starch sheath completely surrounds each bundle, the Casparian strips 
being broad and observable only in the petiole (Fig. 5 D). Owing to ligni- 
fication of the whole radial and other walls, these strips are often difficult to 
discern in old example and in very young ones. This layer occasionally contains 
tanniferous substances. 
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5. Aceriphyllum, Oresitrope, and Bergenia 


Herbs. Leaves radical. Aceriphyllum: lamina palmately lobed and nerved; 
petiole slender with broad sheathing base; sheath margins run up the 
petiole, leaving very narrow groove along ventral side, the petiolar structure 
being thus subunifacial. Ovesitrope: lamina ovate-cordate, palmately nerved ; 
petiole, slender, unifacial with sheathing stipular base; stipular margins meet 
exactly on the ventral median line. Bergenia: elliptical or rounded, palmately 
or subpalmately nerved, gradually narrowed (B. Stracheyii), rounded (B. crassi- 
folia) or cordate (B. cordifolia) at base; petiole more or less slender, unifacial ;' 
sheath stipulated ; stipules either meet exactly on median line or are axillarily 
fused. 

Vascular course. In A. Rossii, the number of the traces for a leaf is 10- 
15 or more, which usually differs by from 2 to 5 traces between the two op- 
posite halves. Upon entering the sheathing base, they each divide into a few 
bundles, some of which become the outer arc and some the medullary bundles 
as in the case of Rodgersia or Astilboides. In the illustrated example (Fig. 
6 A-G), the vascular system originates from the median trace M, ten traces 
I-X on the right and four 1-4 on the left side; the bundles on the outer arc 
come from traces V, VII, VIII, IX, X on the right-hand side and M, 3, 4 on 
the left-hand side, while traces ZIV, VI, 1, 2, and some branches of traces M, 3 
become medullary and arrange themselves gradually, also in an arc, after re- 
peated division, fusion, and twisting, during which process some of the bundles 
that were derived from the original dominant side of the traces migrate to the 
opposite side as referred to the median vertical plane of the petiole. Thus the 
asymmetric disposition of the bundles in the lower level of the petiole becomes 
almost symmetrical at a certain higher level. During their passage through 
the slender part of the petiole, some bundles on the medullary arc are inserted 
in the outer arc (Fig. 6 A, B, C: top of the sheathing base, petiolar middle, and 
near the petiolar top respectively). The bundles situated on the outer arc along 
the whole course are shown in shaded xylems, while the medullary bundles and 
those inserted in the outer arc are shown in solid black xylems, the parts where 
the medullary bundles will be inserted being shown by arrows in Fig. 6 B. The 
continuations of these bundles, downward, to the original traces are shown by 
corresponding numerals in Fig. 6 A, B. 

Near the petiolar top the medullary arc closes to form a ring with the 
inner xylem, the bundles on the ring often being fused into a continuous ring 
which frequently encloses a few minute fascicules with or without any ill- 
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developed woody part, while the bundles on the outer arc undergo some fusion 


and anastomosing, resulting in the tendency to form a median arc and a pair of 
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Fig. 6 A-G (x8), Aceriphyllum Rossii: A, top of sheathing base; B, middle 
of petiole; C, near the petiolar top; D, E, petiolar top; F, a palmate nerve ; G, branch- 
ing of the secondary nerves. H (x8), Ovesitrobe rupifraga: middle of petiole. I-K 
(x8) Bergenia Stracheyi: I, top of sheathing base; J, middle of petiole; K, petiolar 
top. 


large lateral bundles, each of the latter soon dividing into several bundles 
corresponding to the number of lateral palmate nerves (the bundles, however, 
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not always perfectly fused, sometimes remaining separate) (Fig. 6 C; Photo. 3 B). 
At the petiolar top each bundle on the outer arc enters its respective nerve 
as its dorsal arc, accompanied with two zones of ventral systems coming re- 
spectively from the dorsal and ventral parts of the medullary ring (Fig. 6 D, E), 
two zones of each nerve usually fusing end to end, forming a more or less 
perfect ringlet with the inner xylem. Usually, the ventral ringlet sooner or 
later opens into a single bundle with inverse orientation (Fig, 6 F). When a 
relatively large nerve of the higher order branches out from the principal 
palmate nerve, a small part of the ventral bundle joins its inner margin (Fig. 
6G), the veinlets issuing only from the margins of the dorsal arc. 

In O. rupifraga, the traces and gaps number from 8 to 13, their further 
course in the petiolar base being nearly the same as in Aceriphyllum. Instead 
of the outer arc, however, an outer ring forms; a small ventral part of which 
is occupied by bundles derived from the median or from traces near the 
median; an example of the arrangement of bundles in the slender part and 
their continuity downward to the original traces, a median M, laterals 1-6 and 
I-V are shown in Fig. 6H (middle of petiole; the xylem colours indicate their 
nature, cf. Fig. 6 A-C). The medullary arc, which does not close into a ring 
at the petiolar top, divides and forms zone I of the ventral system of each 
nerve, while the ventral part of the outer ring (part between ex and ex' in the 
figure) supplies zone II; zones I and II usually showing the same orientation 
as the dorsal arc ; the manner of vascular supply to the veinlets and large nerves 
are either the same as in the case of Astilboides or as in Rodgersia. 

In Bergenia, we usually find 15-25 traces and gaps, the asymmetric number 
of the lateral traces between the two sides and their course in the petiolar 
base being also very similar to the case of Aceriphyllum. But both outermost 
traces, after sending off several stipular fascicules, fuse together at that part 
where the sheathing base transforms into the unifacial slender part (Fig. 6I: 
the outermost traces ex, ex', immediately before fusing), this bundle often show- 
ing a concentric structure with an inner xylem. There then forms an outer 
ring, consisting of a dozen or more bundles. The numerous medullary bundles 
that are enclosed in the outer ring undergo frequent migration, division, fusion, 
and twisting, and show much more irregularity? in arrangement as well as 
in orientation than in the case of Aceriphyllum, there being in the slender 
part, a general tendency in the majority of them to arrange themselves in 


1) The irregular disposition of bundles in B. crassifolia and B. cordifolia has been men- 
tioned by PETIT (1887, p. 102) and THOUVENIN (1890, p. 34). 
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groups or quite alone, contiguous to the median vertical plane of the petiole 
(Fig. 6J: middle of petiole). Although they are usually collateral, concentric 
bundles with inner or outer xylem are frequently formed, bundles formed by 
fusion of two of them with their protoxylem side appearing most frequently". 
Some of them insert into the outer ring during their passage through the 
slender part as in the case of Aceriphyllum or Oresitrope. As the unifacial 
part changes to bifacial, the outer ring reverts to an arc and the medullary 
bundles disperse laterally, undergoing much fusion, division, anastomosing, 
twisting, etc, but in contrast with the case of Aceriphyllum, they remain 
irregular (Fig. 6K). The marginal bundle of the arc supplies the outermost 
lateral nerve; the arc bundles successively turn to enter the lamina forming 
the dorsal bundles of the nerves, while, in the prominent nerves, the medullary 
bundles supply the ventral bundles, frequently assuming the form of a more 
or less perfect ringlet? with an inner xylem as in the case of Aceriphyllum 
or arrange themselves somewhat irregularly. In the lower part of the midrib 
there are many minute bundles situated on the arc chord, which are independent 
of the vascular supply of the median lateral nerves, but enter successively into 
the lamina as veinlets. 

Histological features. 'The woody part consists chiefly of irregularly, rarely 
somewhat regularly, arranged metaxylem and a few secondary elements. The 
peripcycles usually have 4-8 layers; a few scattered sclerenchymatous elements 
are found, although only in the petiolar base, in Aceriphyllum, in which they 
are parenchymatous throughout the whole course in Bergenia, as was described 
by Petir (1887, p. 102), while, in Oresitrope, they are sclerenchymatous, ex- 
cepting the petiolar top. 'The arrangement of a layer of starch sheath im- 
mediately outside the pericycle is fairly irregular. 


6. Peltoboykinia 


P. tellimoides. Herbs. Leaves large (often exceeding 30cm. in diameter), 
peltate, radially nerved; petiole slender, unifacial with fleshy and short mem- 
braneously stipulated base, which embraces the stem, the stipules usually being 
very poor in radical leaves, but usually large in the leaves on the erect stem, 
the stipular margins meeting at the ventral median line of the petiole: 


1) Various structures of petiolar bundles in B. crassifolia were described by BOUYGUES 
(1902, pp. 107-109). 

2) The formation of a ringlet in B. crassifolia was mentioned by MORVILLEZ (1918, 
p. 555). 
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Vascular course. Usually from 6 to 10 traces depart from distinct gaps 
and laterals on both sides, very often differing by one trace. Soon, they divide, 
each into several bundles, during their passage through the petiolar base, some 
of which twist and migrate to the chord of the dorsal arc”, while others form 


medullary bundles that are arranged almost in an arc shape as in the case of 


D E 


Fig. 7. A-C (x8), Pelloboykinia tellimoides: A, top of sheathing base; B, middle 
of petiole; C, base of a palmate nerve. D, E, Neoboykinia lycoctonifolia: two kinds of 
vascular system of petiolar top. 


Aceriphyllum or Oresitrope (Fig. 7 A: bundles in the’ spaces bounded by the 
dotted lines continue to the traces, a median M, laterals /-///7, and 1-4). As 
they enter the unifacial slender part, the cuneiform bundles on the dorsal arc 
gradually change into a circular arrangement. Meanwhile, the medullary 


1) That a few comparatively large bundles, those chiefly originated from lateral traces 
3 and IIZ, are situated between the two extremities of the original outermost traces (ex, ex’) 
and as their continuations to a few radial nerves, seem to be facts that must be noted in 
connexion with the external morphological features of the leaves (cf. p. 222). 
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bundles very often become concentric by fusion, twisting, etc. with the inner 
or outer xylem for a short distance, a few being situated on the arc ends 
inserting mainly into the lateral or ventral side of the outer ring, while others 
form a ring having the same orientation as the outer ring (Fig. 7 B: middle 
of petiole). In the small peltate leaves on the erect stem, medullary bundles 
frequently reduce to a single bundle. On the other hand, there form small 
medullary bundles that differ from the former, that is, they usually issue from 
the margins of the bundles on the outer ring at a lower level of the slender 
part, but sometimes at a higher part or at the petiolar top and arrange them- 
selves along the inner side of the outer ring. They are inversely orientated, 
and their woody parts are often not formed, their number being either more 
than a dozen or fairly few, especially in the smaller examples, in which some- 
times they are totally lacking. A small number of medullary bundles of the 
same nature sometimes form along the inside of the medullary ring. 

Near the petiolar top, the number of bundles on the outer ring correspond 
to the number of radial nerves, whereas the one or two small nerves that are 
most distant from the median nerve do not continue to the original outermost 
traces, but to the median or to those near the median”. On the other hand, 
the medullary ring often fuses to form a complete continuous ring (Photo. 3 C), 
the latter soon dividing again and turning horizontally to fuse with the margins 
of the nerve bundles (Photo. 3D). Although the small medullary bundles of 
inverse orientation are situated on the ventral of the nerve bundle at the base 
(Fig. 7C), they soon fuse with the arc margins. Nerves of the next order 
branch out marginally from the arc. 

Histological features. A petiolar bundle on the outer ring is shown in 
Photo. 3E. 'The woody part consists chiefly of several metaxylems and a few 
secondary elements arranged in radial rows. In a bundle, from one to several 
rows of elements are usually separated by rays of a few cells breadth. Thus, 
the larger bundles are fan-shaped, consisting of a few narrow cuneiform areas 
(Photo. 3C, E. This bundle structure, which is quite peculiar, has never been 
observed in any allied species. The pericycle consists of 5-8 layers and is 
sclerenchymatous for nearly the whole length of the petiole. In the petiolar 
top and nerve, however, these elements are completely parenchymatous. A 
layer of starch sheath along the outside of the pericycle shows a somewhat 
regular arrangement and is slightly thickened. 


1) See foot note 1) on p. 221. 
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7. Neoboykinia and Boykinia 


Herbs. Leaves simple, palmately nerved, reniform, cordate at base, with 
slender bifacial petiole; stipulate, excepting B. e/ata, membraneous in radical 
leaves and foliaceous in leaves on erect stem. 

Vascular course. In N. lycoctonifolia, several traces from distinct gaps 
enter a leaf, the number being often 6 or 4, the number of lateral traces on 
the two sides differing by one trace. After a few stipular traces have branched 
out successively from the outer margins of each outermost trace, they pass 
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Fig. 8. Neoboykinia lycoctonifolia: a petiolar bundle ( x 200). 


through the whole slender part without any division or fusion (Photo. SURE 
middle of petiole, six semicircular bundles arranging themselves in an arc, 
there being two and three laterals on the left- and right-hand side respectively), 
although they occasionally become symmetric by fusion of the two outer 
laterals on the dominant side. Sometimes at the extreme top of the petiole, 
especially in the smaller examples, the petiolar bundles send out branches 
from their margins, the branches fusing with the neighbouring laterals, these 
branches running almost horizontally (Fig. 7D). In many instances, however, 
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every bundle curves to form a more or less complete ringlet, the ventral part 
of each ringlet soon detaching and connecting with one another to form a 
vascular complex which runs nearly horizontally along the inner side of the 
dorsal arc (Fig. 7E) The nerve bundles are also deeply curved and the small 
nerves of the next order branch off marginally. 

In B. major, the traces, which usually number 5 or 6, after passing separate- 
ly through the slender part, reduce to three by fusion of the laterals on each 
side, they being connected as in the case of the former species (Fig. 7 D, E). 
In B. elata, three traces run through the petiole and at the extreme top ; they 
are connected by branches that issue from the median. 

Histological features. The woody part is radially arranged or nearly so, 
several elements being in a row; the rays being 1-2 cells in breadth. The peri- 
cycle is of 3-6 layers, the elements being sclerenchymatous for almost the whole 
length of the petiole, while they are parenchymatous in the petiolar top and 
nerves. In contrast to Peltoboykinia, a layer of typical endodermis with minute 
Casparian strips embraces each bundle either completely (Boykinia) or in the 
form of the letter C (Neoboykinia, Fig. 8). In the latter case, in several cells 
on the protoxylem side no strips are found. 


8. Saxifraga 
i 2 Diptera 
Herbs. Leaves radical, simple, palmately nerved, round or orbicular, cordate 
at base, slender petioled. In S. sendaica, margins of stipulated petiolar base 
either approach without fusing or meet on the ventral median line, or fuse into a 
form of more or less bilobed axillary stipule; transformation to unifacial structure 
being usually very clear. In S. mipponica, S. madida and S. stolonifera, margins 
gradually thin out into cylindrical slender part without visible mutual approach, 
while they often slightly approach and sometimes stipulate, as in S. Fortunei 
and S. Jotanii. But the attainment of unifaciality at a certain height, at any 
rate near the petiolar top, seems obvious from the fact that the margins of 
the lamina start somewhat gradually in S. stolonifera and abruptly in the other 
species as well as in S. sendaica from a point on the ventral median line at 
the petiolar top. In extreme cases, they meet to form a shallow cavity at the 
lamina base, being the appearance of the first step toward an ascidium or a 
peltate condition", 


1) This fact seems to be intimately related to the normal occurrence of the peltate 
leaves in S. mengtzeana ENGL. et IRMSCH. var fellifolia ENGL. et IRMSCH. 
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Photo. 3. A (x30), Tanakea radicans: middle of petiole. B ( x 15), Aceriphyllum 
Rossii: petiolar top. C-E, Peltoboykinia tellimoides : C, D ( x 10), two consecutive levels 
of petiolar top; E (x50), a bundle of outer ring and a small medullary bundle with 
inverse orientation. F (x20), Neoboykinia lycoctonifolia: middle of petiole. 
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Photo. 4. A (x15), Saxifraga stolonifera: middle of petiole. B-D, S. Fortunei : 
B, C (x12) middle of petiole, cases of three and five bundles on the dorsal arc re- 
spectively; D (x6), middle of petiole, a case of five bundles on the dorsal arc and 
a ventral bundle. E (x15), S. sendaica: middle of petiole, there are three bundles 


of the dorsal arc and two, vertically arranged, ventral bundles. F (x15), S. japonica : 
middle of petiole. 
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Vascular course. In S. nipponica, 3, 5, or 4 intermediate traces, each of 
which soon transforms into a concentric structure with inner xylem (cf. Fig. 
11A), depart from the distinct gaps, in the last two cases, two lateral gaps, 
sometimes, situated quite close to one another, only a very small bundle re- 
maining between them. On the other hand there is the case in which one or 
both laterals from the trilacunar node divide into two, rarely three, simultane- 
ously as the traces leave the gaps. In some individuals, all the nodes are 
trilacunar, while in others, especially in somewhat vigorous plants, the lower 
and higher nodes are also trilacunar, between which positions cases of four or 
five gaps are seen. When there are two or more laterals on each side, they 
fuse into one bundle at a lower level of the petiole, so that there are always 
three concentric bundles, a large median and smaller laterals throughout the 
slender part (cf. Photo. 4 A,B). At the petiolar top they fuse side to side but 
soon divide again into three bundles nearly equal in size, the two lateral parts 
of the median being added to the lateral ones, the former supplying the three 
median palmate nerves and the latter the other lateral nerves (Fig. 9 A). 

In S. madida, so far as my present observations go, there is only the case 
of trilacunar although the lateral traces are sometimes temporarily divided into 
two or more traces as in a certain case of the former species. In other re- 
spects the vascular system is usually also identical with those of former species 
(Fig. 9 A). Sometimes, however, three petiolar bundles independently enter the 
lamina, the median supplying three median nerves and the two laterals the 
other lateral nerves (Fig. 9 B). 

In S. stolonifera, the trilacunar type is dominant, but the cases described 
under S. nipponica are rarely found in vigorous individuals. The vascular 
system of the petiolar top, however, differs slightly from the two former species 
in that the three bundles (Photo. 4 A: middle of petiole) do not fuse together, 
but are connected by the branches that originate from the median (Fig. 9 C)". 

S. Fortunei. Cases of 3,4, and 5 traces from distinct gaps are quite usual, 
there being cases even of 6 or 7 traces, although rare. Usually they behave 
as in the case of S. nipponica, there being three bundles in the slender part 
(Photo. 4 B). Sometimes, however, four or five bundles continue until they 
reach a level that is fairly distant from the petiolar base or continue through- 
out the whole slender part, which condition is met with mostly in cases of 
four or more traces, and rarely in the case of three traces by the branching 


1) THOUVENIN (1890, p. 34) described a case of three traces and mentioned that near 
the petiolar top, three bundles divided into four or five. 
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of the laterals (Photo. 4C: a case of five bundles). The vascular system in the 
petiolar top is more complicated than in the former three species, two examples 
being shown in the reconstruction (Fig. 9 D, E) In the first case (Fig. 9 D), 


D 


NEMORE eee ME. 


Fig. 9. Vascular systems of petiolar top and base: A, Saxifraga nipponica (and 
S. madida); B, S. nipponica; C, S. stolonifera; D-F, S. Fortunei. 
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which is mostly found in both the smaller and larger examples, when three 
bundles (the laterals of which are sometimes derived by the fusion of two 
laterals on the same side) approach each other, the median sending out a 
bundle from the ventral part which soon divides into two portions to fuse the 
two laterals. Often the departure and the fusion occur so soon following 
each other that all the bundles become continuous, as seen in transverse section. 
Such a bundle is sometimes divided into three portions, the middle one return- 
ing to fuse with the median bundle and the others with the laterals. In the 
second example (Fig. 9 E), the five bundles in the slender part are divided into 
palmate nerves without marked convergence, but the laterals on the same side 
show temporal fusion (marked x in the figure). In the meantime, two bundles, 
one from the ventral and another from the latero-ventral part of the median, 
issue forth, and divide into several smaller ones which fuse either with the 
diverged petiolar bundles or enter the lamina as outer palmate nerves, the 
nerves ”,, n, apparently, and n,’ certainly, belonging in this category. In most 
examples that were observed in the present study, the vascular systems varied 
between these two examples. 

There is, however, the case of a few leaves? which cannot be overlooked 
in connexion with the vascular system of the next species (S. sendaica). In an 
example of it (Fig. 9 F), there are four gaps, namely, a median, a lateral on 
the left, and two on the right; a single lateral divides into two just after its 
departure from the gap, thus making five petiolar bundles. Contrary to the 
examples so far given, a bundle, v, branches out from the median part of the 
median bundle at the very base of the peticle. This bundle, as well as the 
other five bundles, runs through the slender part of the petiole without any 
division or fusion (Photo. 4D: middle of petiole). At the petiolar top, again, 
a bundle, which departs from the ventral part of the median bundle, soon 
divides from each branch and fuses with the half of the bundle v. The other 
conditions in the petiolar top are almost identical with the case shown in 
Fig. 9E, a few of the outermost nerves being also discontinuous as far as the 
original outermost traces, but continuous with the bundles that originated from 
the median trace. 

In several fairly or median sized leaves of S. Jotanii, the vascular system 
is identical with the most common case in S. Fortunei. 


1) All these leaves are noticeably large, one of them being very much so; lamina 
20cm. wide and 15cm. long (length of median palmate nerve); petiole 30 cm. which is 2-3 
times larger than the normal forms. 
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S. sendaica. Usually 5 or 7 traces, which soon become concentric, issue 
from the distinct gaps, the vascular system being generally more complex than 
S. Fortunei. The lateral traces fuse to form a pair of lateral petiolar bundles 
in the upper part of the sheathing base; in the meantime a single or couple 
of bundles issue from the ventral side of the traces, excepting the outermost 
ones. At the time they pass through the petiolar base, they fuse and form 
either a single or two vertically arranged ventral bundles (Photo. 4E). In the 
example shown (Fig. 10 A), besides the three bundles m, /, /", two ventral bundles 
V,, v, are formed (Photo. 4E) These bundles thus formed invariably run 
through the slender part. An extension of the vascular system in Fig. 10 A is 
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Fig. 10. Saxifraga sendaica: vascular system of petiolar base and top. 


shown in Fig. 10 B. Near the petiolar top, a ventral bundle v, divides and supplies 
a few small lateral palmate nerves 71, ne, n4’, ns’, and ”,’, while part c joins the 
median bundle. The other ventral bundle v, divides into several branches, some 
of which supply a palmate nerve 7,, some (a, a’) fusing with the lateral bundle /, 
l’, and some of the last named separating again to fuse with the median bundle 
m. The median bundle thus. reenforced by a, a’, c, divides to form three large 
palmate nerves 7^, nı, n,’ (Fig. 10 B). The constant presence of the bundles 
that reenforce the median bundle at the petiolar top (a, a’) seems to be a 
special character compared with the other species belonging to this section. 
In the other examples, especially in the cases of a single ventral bundle, the 
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latter frequently does not send out any branches to the other bundles, but 
independently sends out a branch which forms a few pairs of outer palmate 
“nerves. This manner of formation of the outer nerves in this specles and in 
S. Fortunei seems to suggest, together with the same case of Peltoboykinia 
(cf. p. 222) or Astilboides (cf. p. 212), certain important relationships between 


Fig. 11. A (x150), Saxifraga sendaica: a petiolar bundle. B (x150) S. nipponica : 
longitudinal (upper) and transverse (lower) sections of starch sheath (ssh) and its ad- 
jacent tissue, showing large crystal needle (crn). 


the vascular system and the external morphology. 

Histological fealures. 'The histological features of the concentric bundles 
are almost the same in every species, an example being given in Fig. 11 A, 
which is S. sendaica. The protoxylem, which are scattered, usually show 
strong obliteration and the vessels of the metaxylem are fairly small in number, 
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being loosely arranged in a ring disposed solitarily or in a group of a few 
elements, there rarely being formed a small number of secondary elements 
(S. stolonifera). 'The pericycle usually consists of 1 or 2, or rarely of several 
(S. Fortunei) elements of which are parenchymatous or sometimes collenchy- 
matous. Every bundle is surrounded by a.layer of clearly defined, thin-walled 
starch sheath, but we have never yet observed the Casparian strips in any 
example whether young or matured. | 


Appendix. Species of Saxifraga have hitherto been known in which the calcium oxalate 
crystals were absent, excepting S. stolonifera (THOUVENIN, 1890, p. 47), in which they were 
found in the form of druses. In the course of the present study they were found as druse 
in S. stolonifera, S. Fortunet, S. Jotanit, and S. sendaica (Fig. 11 A), and in the form of 
solitary needles in S. nipponica (Fig. 11 B)  Druses were also abundant in the species of 
4 Boraphyla excepting 22 Merkiane. 


ii 2 Boraphyla 


Herbs. Leaves chiefly radical; in S. japonica, S. fusca var. Kikubuki, S. fusca 
var. divaricata, and S. reniformis (22 Punctatz), reniform with long slender, 
petioles; in S. sachalinensis (22 Nivali-virginiensis) leaves oblong-elliptical to 
ovate, often cordate at base, with short, flattened petiole; and in S. laciniata 
(22 Stellares), S. Merkii var. typica, and var. Idzuroei (22 Merkianz), usually 
obovate to lanceolate, cunate at base, with short flattened petiole in former ; 
petiole, if present, always bifacial and estipulate. 

Vascular course. 44 Punctata. In S. japonica, usually 3 traces issue from 
a single gap, namely, the median from the bottom and the two laterals from 
the lateral margins (Fig. 12A b) The moment they depart from the gap, 
usually the median and both laterals each divide into two, three or more, the 
branches of the median and the innermost bundles from the laterals often 
fusing with each other (Fig. 12C), thus forming five or more, rarely nine, 
libriform petiolar bundles arranged in a deeply curved arc (Photo. 4F: middle 
of petiole, a case of six bundles, the one at the extremity being very small) 
In the smaller examples, however, some or all the traces undergo no division, 
there being less number of bundles. The petiolar bundles thus formed under- 
go no division or fusion throughout the whole slender part, but at the petiolar 
top, before they enter the lamina, some division and anastomose are observed 
(Fig. 11 B). 

S. fusca var. Kikubuki and var. divaricata are also characterized by the 
unilacunar nodes. Although there is no median trace, two pairs of large 
and small ones issue in succession from the lateral side of the gap (Fig. 
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12Ad)". The larger traces gradually approach one another during their 


passage through the petiolar base, finally fusing and forming a semicircular 
or almost concentric median bundle, while the smaller may or may not divide 
to form one or two pairs of libriform lateral bundles. After passing through 
the long petiole they reach the petiolar top, where the median divides into 
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Fig. 12. A, diagrams of foliar gaps: a, Saxifraga Merkii var. typica and var. 
Idzuroei ; b, S. japonica; c, S. sachalinensis; d. S. fusca var. Kikubuki and var. divari- 
cata; e, S. reniformis. B, C (x8), S. japonica: vascular system of petiolar top and 
base respectively. D, E (x8), S. fusca var. Kikubuki: vascular system of petiolar top 
and base respectively. F (x8), S. sachalinensis: middle of petiole. 


three median palmate nerves, while the others send out a few lateral nerves 
(Fig. 12D, E: a case of three petiolar bundles). 


In S. reniformis, there issues from the lateral margins of the gap only a 


1) Cases in which there is no median trace, but in which a pair of traces issue from 
the lateral side of a gap, have been found by LEIST (1890) in several closely allied species 
of 2 Miscopetalum, viz. S. rotundifolia, S. rependa, S. heucherifolia (these three species are 
grouped together in Typus polymorphus S. rotundifolia in ENGLER’s Pflanzenreich), S. chryso- 
splenifolia, and S. taygetea. The first species was also reported by RIPPEL (1914). 
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pair of traces (Fig. 12 Ae), which soon fuse into a single semicircular bundle 
before they enter the petiolar base". At the very base of the petiole, it sends 
out one or more pairs of branches, so that there are usually three or five 
petiolar bundles. 'Their further vascular course is the same as the former 
species. 

i? Nivali-virginiensis. S. sachalinensis. A large median traces issues from 
the bottom of a single gap and four laterals, viz. a pair of small ones on the 
lower and a pair of fairly large traces on the higher, in succession from the 
margins of the same gap (Fig. 12A c). The smaller laterals soon fuse with 
the semicircular, or often with the almost concentric median bundle, the fusion 
rarely sending out a branch on each side. In the meantime, both laterals 
usually divide to form two or more pairs of more or less curved lateral bundles. 
Thus in the petiole, there are usually from five to seven, rarely nine, bundles 
which run through the whole length of the petiole without fusion or connec- 
tion until they enter the lamina (Fig. 12F: middle of petiole, a case of five 
bundles). 

22 Intergrifolize. The whole vascular system in S. integrifolia is identical 
with S. sachalinensis. 

2% Stellares. S. laciniata. A single trace issues from the bottom of the 
gap (Fig. 12A a), dividing immediately after its departure from the gap into 
three or five bundles that pass through the very short petiole. 

22 Merkianz. As in the case of S. laciniata, only a single trace issues in 
S. Merkii var. typica and var. Idzuroei (cf. Fig. 12A a). Entering the leaf base, 
this trace soon sends out a branch to form a few nerves. 

In every species described above there is a tendency for the branch traces 
to fuse or run closely parallel for a certain distance with the foliar traces.? 

Histological features. The metaxylems are usually well-developed and a 
few layers of secondary elements, arranged somewhat irregularly, are usually 
added. The pericycle consists of from a few to several layers of the paren- 
chymatous elements, except however in S. sachalinensis and S. integrifolia, 
in which the parenchymatous elements are found in only a limited length of 


the petiolar base. A layer of thin-walled starch sheath without Casparian 
strips surrounds every bundle. 


1) See foot note 1) on p. 233. 
2) According to THOUVENIN, these conditions seem to prevail also in certain Saxifraga, 
such as S. granulata, S. lingulata, etc. (1890, pp. 28-32, Pl. VI, Figs. 1-5). 
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ili. Species from other sections 


In the present study six species from four sections are treated. Herbs. 
Leaves with or without bifacial petiole; estipulate (precise features of the 
leaves will be found in the following description of the vascular system). 

Vascular course. In every species a single trace enters a leaf. In S. cernua 
and S. bracteata (? Nephrophyllum, 27 Sibiricze), an almost concentric bundle 
(Fig. 13 E) passes through the petiole without division, while at the petiolar top 
it divides into three, a small median and two large laterals, the last branching 
successively after they enter the reniform lamina and forming a few palmate 
nerves (Fig. 13 A). In S. decipiens (2 Dactyloides, 22 Czespitosze), the leaves of 
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Fig. 13. A (x8), Saxifraga cernua: vascular system in petiolar top. B (x5), 
S. cherlerioides var. rebushirensis : nervature of a leaf. C, D (x5), S. cherlerioides var. 
logakushensis: nervature of two nerves. E (x200), S. cernua: petiolar bundle. 


which are characterized by 3- or 5-lobed lamina and relatively short, flattened, 
petiole, a slightly curved bundle in the petiole diverges and forms palmate 
nerves as in the case of the two former species. In S. cherlerioides var. rebun- 
shirensis and var. togakushensis (7 Trachyphyllum), which possess sessile and 
lanceolate leaves, a slightly curved trace usually divides into three either at 
the very base in the former (Fig. 13 B) or slightly above it in the latter (Fig. 
13C) while in some of the smaller leaves there are frequently no lateral 
nerves (Fig. 13D). In the obovate, sessile leaves of S. Aizoon (7 Euaizoonia, 
22 Peraizooniz), a slightly curved trace divides into three at the very base of 
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the lamina, each of which subdivide to form five or more parallel nerves. 
In these species, the branch traces are fused for a short distance with the 
foliar trace, as in the case of ? Boraphyla (cf. p. 234, foot note 1). List (1890) 
and THOUVENIN (1890), both of whom examined many species of Saxifraga, 
reported cases of single trace in almost every species, though they also found 
many noteworthy facts concerning the vascular course in the stem. 
Histological features. 'The woody part consists only of more or less 
developed irregular metaxylem. The pericycle is usually of 1 layer and paren- 
chymatous. Relatively well-defined starch sheath with marked Casparian strips 
surrounds the bundle in S. cernua (Fig. 13 E) and S. bracteata», while the layer 
is usually somewhat more irregular than the former and lacks the Casparian 
strips, often containing instead tanniferous substances as well as abundant 


starch grains. 


9. Tiarella, Heuchera, Tolmiea, Mitella, and Tellima 


Herbs. Leaves simple, cordate, palmately nerved; petiole long, more or less 
broad based with membraneous stipules. In Tiarella, margins of stipular sheath 
converge very gradually, a narrow groove is found along almost the entire 
length of the petiole, becoming an unifacial structure at the top. In Heuchera, 
the convergence of the margins of the stipular sheath occurs somewhat ab- 
ruptly, the petiole becoming unifacial a slight distance from that part where 
the stipules are attached to the petioles. In other species, the margins con- 
verge very abruptly and the inner margins of the stipules meet exactly on the 
ventral median line (Tolmiea, Tellima, Mitella japonica, M. Yoshinage, and 
M. ovalis) or two stipules fuse together and form a more or less bilobed axillary 
stipule (M. pauciflora, M. stylosa); the whole slender part being unifacial. 

Vascular course. In Tiarella polyphylla and T. unifoliata, 3 traces from 
distinct gaps, a larger median and slightly smaller laterals, enter a leaf with- 
out any stipular traces. Although these three bundles gradually converge, they 
usually remain separate until they reach above the petiolar middle or higher, 
when the three bundles then fuse to form a continuous arc (Photo. 5A: T. 
polyphylla, immediately before the fusion of three bundles) which changes into 
a continuous ring at the extreme top of the petiole (Photo. 5B: T. polyphylla), 
this ring again opening into an arc and soon dividing to form the main pal- 
mate nerves. 

1) The strips in S. czsia (Pl. 8, Fig. 2) are illustrated by THOUVEVIN (1890) and S. 


lasiophylla (Fig. 24), S. Heuffolii, S. dentata (Fig. 25) S. hirta (Fig. 26), etc. by BOUYGUES 
(1902). 
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In species of other genera, the vascular course in the petiolar base and 
the slender part are virtually the same as in Tiarella. The condition in the 
petiolar top, however, may be the same as or different from the former. In 
Heuchera sanguinea, three bundles are always fused into a continuous ring. 
In H. convallaria var. carnea, three petiolar bundles are fused at first also into 
a continuous arc, but soon both margins of the arc fold outwards and detach 
a pair of small bundles which are soon fused into a small one of inverse 
orientation and the arc itself closes into a continuous ring (Photo. 5C; a 
ventral part of the ring and the small bundles are shown in detail in Fig. 
14 A) This condition is maintained for only a very short distance, while at 
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Fig. 14. A (x200), Heuchera convallaria var. carnea: a ventral part of petiolar 
stele of petiolar top, details of Photo. 5C. B ( x 200), Mitella stylosa : a smaller petiolar 
. bundle. 


the extreme top of the petiole an open arc again forms by exactly the reversed 
process. But, occasionally, three bundles are fused into either a continuous 
ring or a deeply curved arc which does not accompany any small bundle of 
inverse orientation. Identical cases are also observed in Tolmiea Menziessi. 

In Mitella japonica, M. Yoshinage and M. stylosa, a continuous arc (Photo. 
5D: M. japonica) forms, while a continuous ring forms in M. pauciflora and 
M. ovalis. In Tellima grandiflora, three bundles fuse usually at once into a 
continuous ring, although occasionally two lateral bundles fuse at first to form 
a large bundle on the ventral, which, however, soon fuses with the median 
petiolar bundle and forms a continuous ring. (Photo. 5 E). 
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Histological features. Usually the metaxylem and the secondary xylem are 
radially arranged (Photo. 5 A-E), or rarely, especially in smaller bundles, are 
arranged somewhat irregularly (e. g. Fig. 14 B: a lateral bundle of the petiolar 
middle, Mitella stylosa), the number of elements in a radial row being usually 
8-10 or sometimes more. The pericycle usually consists of 3-5 layers, the 
elements in Tiarella, Heuchera, Tolmiea, and Tellima, being sclerenchymatous 
between that part slightly above the petiolar base and above or below the 
petiolar middle, and parenchymatous above this or collenchymatous at the 
petiolar top (Tiarella polyphylla, Tolmiea, Tellima), while in Mitella, they are 
parenchymatous at the petiolar base, are slightly collenchymatous in the slender 
part (Fig. 14 B) and markedly collenchymatous in the higher part of the petiole; 
in M. japonica, however, a few sclerenchyma are occasionally found slightly 
above the petiolar base. In the early species, each bundle is surrounded by a 
single, or occasionally partly double, layers of the starch sheath, which is usually 
fairly well-defined along the dorsal of the bundle, but is gradually obscured 
on the protoxylem side. It usually contains, besides, abundant starch grains, 
a tanniferous substance. In the species of Mitella and Tolmiea, Casparian 
strips are found usually in the lower half of the petiole, along the dorsal side 
of, or rarely all round, this layer (sometimes in Mitella, Fig. 14 B). I have 
never observed Casparian strips in Tiarella, Heuchera, and Tellima, not even 
in very old leaves. 


10. Chrysosplenium 


Herbs. In species of 2 Alternifolium, leaves usually palmately nerved, 
cordate, subcordate or truncate at base, petiole more or less long ; while in 
2 Oppositifolium, leaves penninerved or subpalmately nerved, truncate or broad 
cuneate at base; petioles comparatively short. Petioles in all species show 
prominent bifaciality, the ventral surface being flattened (e.g. C. Grayanum), 
slightly grooved (e.g. C. macrostemon) or fairly deeply grooved (e.g. C. 
flagelliphyllum),. 

Vascular course. The vascular course in the petioles is simple and fairly 
uniform in all species. That is, a single trace enters the petiole which, in 
many instances, passes through it without branching until it reaches the petiolar 
top, as was described by THouvENIN (1890, p. 56) (Photo. 5F,G: middle of 
petioles of C. flagelliphyllum and C. macrostemon var. atrandrum respectively). 
At the petiolar top, in species of 2 Alternifolium, which are characterized by 
palmate nerves, the petiolar bunele here divides into three, a small median and 
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a pair of large laterals. The median continues to the median nerve and the 
laterals soon subdivide into a few lateral nerves. In penninerved species 
(2 Oppositifolium), a small bundle for the lowest nerves branches from each 
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Fig. 15. A-C (x12), Chrysosplenium macrostemon var. alrundrum: showing be- 
haviour of foliar and branch traces at their departure. D (x200), C. japonicum: 
petiolar bundle. E (x200), C. Grayanum : petiolar bundle. 


margin of the bundle near the petiolar top in some species (e.g. C. Maximo- 
wiczii) while in others it branches at the middle region (e. g. C. macrostemon) 
or at a comparatively lower part of the petiole (e. g. C. Grayanum, C. Fauriei). 


240 S WATARI 


These conditions of branching, however, are sometimes quite inconstant. The 
petiolar bundles are usually semicircular or slightly curved in 2 Oppositifolium 
(e.g. C. Grayanum, Fig. 15 E), while in 2 Alternifolium they are concentric 
or almost so (Fig. 15D: C. japonicum). In all the species the behaviour 
of the branch traces exhibit an interesting feature, that is, they fuse for a 
certain distance with the foliar trace, after which they branch and enter the 
petiolar base (Fig. 15 A-C: C. macrostemon var. atrundrum). 

Histological features. The woody parts consist of the loosely arranged 
metaxylem, the number of which in the radial direction in many species, lies 
between 1-3. As will be seen from THOUVENIN’s description (1890, p. 58), the 
pericycle and the starch sheath completely surround the bundle. The pericycle 
is usually of 1-2 layers, and the elements and the cells from the tissue that 
is contiguous to the protoxylem are usually collenchymatous throughout the 
petioles and the nerves. 'The starch sheath consists of a layer of thin-walled 
parenchymatous cells with marked Casparian strips. 


Appendix. According to THOUVENIN (1890, pp. 64-65), in the closely related species, 
Vahlia capensis, there is a single foliar trace to which the branch traces are closely fused 
for a certain distance, while histologically, a layer of the starch sheath (with Casparian 
strips?) and from 1 to 2 layers of the parenchymatous pericycle completely surround the 
bundle. 


b. FRANCOEA—Francoa 

F. sonchifolia. Herbs. Leaves elliptical or ovate, relate-pinnately 2-4 parted 
at base, sessile; estipulate. 

Vascular course. A typical vascular course in the midrib is shown dia- 
grammatically in Fig. 16. So far as I have been able to observe, 5 traces? 
issue each from its own gap, while a pair of laterals next to the median 
(Lı, L,)is usually very much smaller than the others. In the example shown 
in the figure, large traces, i.e. a median and two laterals L,, L,', gradually 
converge and eventually fuse into a single open arc (Photo. 6C) In this 
example, the level where these three traces fuse together lies, between the 
lateral nerves n, and n, or at the middle of the second lobe from the bottom. 
Preceding this fusion, nerves (4,, ”,, etc.) of various sizes successively issue 
from the outer margins of L, and L,'. Small bundles x and x’ arise from the 
inner margins of L,, L,’ and pass through their ventral side and fuse with 
their outer margins. Bundles of the same nature are also present in the nerve 


1) This agrees with THOUVENIN’s observation on F. appendiculata (F. sonchifolia var. 
appendiculata), F. sonchifolia, F. rupestris (F. sonchifolia var. rupestris) (1890, p. 71). 
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Photo. 5. A (x30), Tiarella polyphylla: a little above of middle of petiole. B-E 
(x50), petiolar top: B, Tiarella polyphylla; C, Heuchera convallaria var. carnea; D, 
Mitella japonica; E, Tellima grandiflora. F,G (x40), middle of petiole: F, Chryso- 
splenium flagelliphyllum; G, C. macrostemon var. atrandrum. 
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Photo. 6. A-C, Francoa sonchifolia: A (x10), a foliar trace; B (x70), a con- 
centric bundle of midrib; C (x70), a lower part of midrib. D (x50), Ribes tricuspe : 
middle of petiole. E (x50), R. grossularia: middle of petiole. F, G(x 25), R. japonicum: 
F, base of slender part of petiole; G, middle of petiole. 
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bundle (p,q in nerves z,', 1,). In the nerves n, and 71,', such bundles as 7, 7”, 
issue from the outer margin and fuse with the inner margin. One of them, 
namely 7, divides into two, one being fused with the inner margin of the nerve 
and the other with the midrib bundle. Bundle s in nerve 7,’ does not fuse 
with the nerve bundle, but entirely with 
the midrib bundle. The nerves on 
the higher part of the lamina (n, 7,, 
etc.), which branch marginally from 
the midrib bundle, are not accompanied 
by the small bundles just mentioned 
(5, q, v, etc). The nerve bundles, im- 
mediately related to these small 
bundles, often have a concentric or 
nearly concentric structure, with the 
inner xylem preceding to turn into 
the lamina? (at 7,, ?,; a level slightly 
below that part where the nerves turns 
into the lamina is shown in Photo. 
6C, the concentric structure of one of 
which is magnified in Photo. 6 B). As 
to the nerve bundle, there is another 
important bundle which must not be 
overlooked. As will be seen in 7,’, ns, 
^, n,, etc., when each bundle just 
turns to enter the lamina there issues a 
branch which, after. running through 
the marginal part of the midrib and 
dividing into a few small nerves on 


its course, either fuses with the nerve 
at the next height (i.e. h, 7, to 2,’, 
4, ) or turns abruptly into the lamina 


Fig. 16. Francoa sonchifolia: 
vascular system of a leaf. 


to form the small nerve (j, 7’, k, k). Reverting to the leaf base, the smaller 
lateral traces L, and L,' usually twist and migrate towards the ventral, when 
the bundles frequently roll themselves and form a concentric structure with 
the inner xylem slightly higher up, after which they each divide into two, 


1) MORVILLEZ (1918, p. 556), writes “...; l'arc antérieur est représente à droite et à 
gauche par un fascicule férmé." 
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one-half fusing with the larger laterals and the other half running along the 

' ventral side of the midrib with the inverse orientation. In their course, the 
vascular supply from them activates nerve bundle ,, ”,’, and they turn at last 
into the lamina just below the nerves n, and 7,’. - 

In some examples, especially in leaves of smaller size, however, there are 
occasionally no bundles that correspond to either the x, x’, or p, q, etc. in 
the figure; smaller lateral traces often fusé completely with the larger (outer) 
laterals, so that the inversely orientated bundles on the ventral do not form. 
In others, one of the smaller laterals fuses completely with an outer lateral, 
while another becomes an inversely orientated bundle that gradually becomes 
feeble and faint in the midrib. 

Histological features. The metaxylem is well-developed and radially 
arranged but scattered, the slight cambial activity adding 1-3 layers of second- 
ary elements (Photo. 6 A: a median trace) The pericycle, which consists of 
2-4 layers, is always parenchymatous». A layer of thin-walled starch sheath 
completely surrounds each bundle, this layer being arranged very regularly 
along the pericycle, although it is somewhat obscure towards the protoxylem 
side of the bundle. We have, however, not seen the Casparian strips. 


Appendix. Regarding the closely related species Tetilla hydrocotylefolia, the description 
—“ Ces tiges fournissent aux feuilles trois faisceaux chez Tetilla” by THOUVENIN (1890, p. 
71) is the only one on the vascular system that I know of. 


c. RIBESIEÆ— Ribes 


The present study deals with 39 species as listed in Tab. I, following 
JANCZEWSKIS system (1907) in which the genus is subdivided into seven sub- 
genera. 

All the species examined in the present study are deciduous shrubs; leaves 
alternate, simple, petioled, palmately lobed and nerved; estipulate; the number 
of palmate lobes being 3, 3-5 or 5, the number of prominent nerves corres- 
ponding to that of the lobes to which we find added one, or rarely, two pairs 
of weaker ones at the base. As to the external morphology of the petioles, 
there are three types, viz. the bifacial, the subunifacial, and the unifacial, all 
shown in the Table by the signs bi, su, and ua or 2) respectively under column 
pt. That is, in the first type, the margins of the petiolar base run up the 
slender part leaving a broad groove between them and diverging as lamina 


1) According to THOUVENIN (1890, p. 72), there are ill-developed sclerenchymatous 
pericycle elements on the dorsal side of the bundle in F. rupestris. 
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margins (bi). In the second type, both margins come very near each other at 
a certain point in the slender part, especially near the petiolar top, thus show- 
ing a subunifacial condition (su). In the third type the petioles are usually 
cylindrical and the lamina margins start from a point on the ventral median 
line of the petiole—in some examples the petiole is found to be of unifacial 
structure at a higher level of the slender part or near the petiolar top (u) 
and in others, at a lower level of the slender part (u,) From the distribution 
of these petiolar types among the systematic groups of the genus (Tab. I, 
column pt), it will be seen that all the species of Sg. I Ribesia show unifaciality 
u, or u,; all the species of Sg. II Coreosma also show u, or u,, excepting 
however one species (R. aureum) whose petiole exhibits a subunifacial type 
su ; Sg. III Grossularioides shows u,, Sg. IV Grossularia shows partly subuni- 
faciality su, and partly prominent bifacility bi; Sg. V Parilla shows u,,. and 
the whole of Sg. VI Berisia shows conspicuous bifaciality. 

Vascular course. ln all the species studied, 3 traces issue from the distinct 
gaps. 'The lateral traces are usually slightly smaller than or nearly equal to 
the median. 'The kind of vascular course in the petioles, however, varies con- 
siderably with the species, although they are closely related to one another. 
At the petiolar base, three traces arrange themselves in an open arc. They 
fuse into an arc or ring, at any rate at the petiolar top, but sometimes at the 
lower level of the petiole. The topographic aspects of the petiolar stele at any 
level of the petiole, however, may be attributed to the following various cases. 
At all events, the ring, if it forms, opens into an arc at the extreme top and 
divides into a corresponding number of palmate nerves, those of higher order 
issuing marginally. For convenience in showing the vascular course in each 
species, in comparing the relationships among those species the arrangements 
of the bundles in five parts of the petiole are shown in Tab. I, using two 
series of signs, the one relating to the situation of the median and lateral bundles 
(1) and the other to the situation of both extremities of the lateral bundles (2), 
the five parts of the petiole being as follows: (T) the transitional part between 
the petiolar base and the slender part; (II) about 1/4 of the distance from the 
base of the slender part; (III) middle of the slender part; (IV) about 3/4 of the 
distance from the base of the slender part ; (V) the petiolar top where the lamina 
margins just diverge. The two series of signs are as follows: Case (1) is 
divided into the following four subcases, viz., (A) the median and lateral bundles 
remain more or less separate; sometimes there is a pair of small bundles 
that branch off from both extremities of the median; (B) the median and the 
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laterals are either in contact with each other or almost so, but are not fused ; 
(C) the median and the laterals are fused, but the three original parts are 
more or less clear; (D) the median and the laterals are fused into a smooth 
continuous whole. Case (2) is quite. independent of the fusion or contact be- 
tween the median and the laterals ; it concerns the curvature of the arc or circle 
on which the three bundles are arranged. The three bundles and their fusion 
form the subsequent seven conditions, namely, (a) an open arc; (b) a deeply 
curved arc, both extremities remaining more or less apart; (b^) a deeply curved 


Fig. 17. A(x25), Ribes diacnatha. B, D (x25), R. horridum. C ( x25), R. tricuspe. 
E (x25), R. mandshuricum var. subglabrum. F (x25), R. burejense. G,H (x25), R. 
aureum. I (x25), R. stenocarpum. J (x20), fasciculatum. K (x25), R. multiflorum. 
A, B, C-G, I,K: middle of petiole. C: base of slender part of petiole. D,J: about 
3/4 from the base of slender part. H: petiolar top. 


arc and one or rarely two small ventral bundles branching off from both ex- 
tremities, but remaining more or less apart; (c) a more deeply curved arc, 
both extremities of which closely approach to or come into contact with each 
other ; (c^ a deeply curved arc, from the extremities of each of which a small 
(rarely two) bundle branches out, these ventral bundles coming into contact 
with each other or nearly so; (d). both extremities of the laterals are fused ; 
(d’) ventral bundles from both extremities of the laterals are fused into a single 
bundle. 
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Name of plant IE Dt I II III IV V 
R. formosanum | su Db Db,c Dod Dd Dd 
R. grossularioides | su Bb CIDE Dc,d Dd Dd 
R. microphyllum þi Ca Da Db Db Db 
R. setosum | su Ba Da Da Db D b, (c) 
R. grossularia | su Ba Cb C,Db Db Db 
R. hirtellum | bi Aa A,Ba A,Ba B,Ca Da 
. Divaricatum | bi | Ca Da Da Da Da 
R. rotundifolium | “jon Ca Ca Da Da Da 
R. curvatum | bi Ca Db Db Db Dc 
Sg. V Parilla | 
R. fasciculatum | Uy Aa Cb Db Db,c Dc 
Sg. VI Berisia | 
R. diacantha bi Aa Aa Aa Aa Ca 
R. Giraldü var. | bi Aa B,Ca C,Da Da Da 
polyantha 
R. distans ien Aa A(B)a | A,B(Ca (A,B)Da Da 
R. alpinum | bi Aa Aa Aa Aa Da 
R. tricuspe | bi Ba Ca (Cpe Da Da 
R. lenue Nb Aa ASB, Calc, Dia C,Da Da 


Thus the arrangernent of a definite level may easily be designated by a 
combination of the members of these two series. For example, Aa shows the 
case of Fig. 17 A; Ab, Fig. B; Ab’, Photo. 6F; Ad’, Photo. 6G; Ba, Fig. C; 
Bc, Fig. F¢ Da | Fig. TE Photo: 6D: "Db, Fig--G, Photo 0 EsSDoe Big op T^ 
and Dd, Fig. K. 

Considering the relationship between the external morphology of the petiole 
and their vascular course, species showing conspicuous bifacial petioles (bi) 
are observed in eleven species of Sg. IV and VI, their vascular system retain- 
ing throughout their whole course an open arc (a) or, in exceptional cases, a . 
somewhat deeply curved arc (b) (R. microphyllum). Those characterized by 
the subunifacial petioles (su) are seen in nine species of Sg. IV and in one of 
Sg. II (R. aureum), the vascular system in some species showing a deeply 
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curved arc (b) throughout the whole length, while in others both ends of the 
arc either contact or fuse usually at the petiolar top, or rarely at the middle 
of the petiole (R. grossularioides, R. formosanum). In species showing unifacial 
structure at the petiolar top (u,) (five species of Sg. I, four of Sg. II, and one 
each of Sg. II and V), both margins of the arc contact at the petiolar top in 
R. horridum ; they contact or fuse at the middle region or slightly above it, in 
R. fasciculatum; in others they always fuse at the petiolar top, while the deep- 
ly curved arc is seen even at the petiolar top only in R. cereum. The margins 
of the vascular system contact or fuse at a lower level of the slender part in 
all species that show unifaciality at the lower slender part (u,) (two species 
of Sg. I and five of Sg. ID. It will thus be seen that the convergence of the 
margins of the petiole and the degree of curvature or closing of the arc pro- 
gress in parallel or the latter may precede the former in every case, excepting 
in a single species in which the external morphology is unifacial at the petiolar 
top while the margins of the arc remain separate even at the petiolar top. 
Some of the species treated in the present study have already been described 
by a number of investigators. Perır (1887, p. 103) pointed out that the 
vascular bundles show at the “caractéristique " “un anneau" in R. rubrum 
as in the case of Heuchera americana and “un anneau trilobé " in R. nigrum. 
In generally describing Ribes, THOUVENIN (1890, p. 132) added that three bundles 
are disposed in an arc at the base" .... qui se réunissent ensuite et forment, 
à la caractéristique, un anneau trilobé"; JANCZEWSKI (1907, p. 208) wrote, three 
bundles *qui rapprochent par leur bords à mesure que se rétrécit, et qui 
finnisent souvent par souder en cercle plus ou moin complet”; MORVILLEZ 
(1918, pp. 556-557), “les bords libers se rapprochnent jusqu'à se toucher dans 
le région moyenne du pétiole...."; and Ripper (1913, p. 9), that three traces 
are fused into a * Bündelrinne" at the petiolar base and that the nerves at 
the petiolar top divide in the same way as in Saxifraga (S. rotundifolia L, 
3. Typus) All these descriptions agree with my present observations. 
Histological features. Many radial rows of the woody elements are chiefly 
composed of the relatively well-developed metaxylem and secondary xylem, the 
number of woody elements in a radial row at the median part of the median 
bundle being mostly 5-12 or rarely above 15 (e.g. Sg. II 2 Eucoreosma). The 
pericycle usually consists of several layers, the elements being sclerenchymatous 
through the whole slender part of the petiole as described by THOUVENIN (1890, 
p. 132), while those in the petiolar base, top, and the nerves are collenchyma- 
tous with varying degrees of thickening. In any species, a single, rarely partly 
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two, layer of thin-walled starch sheath is found along the outside of the 


pericycle. 


III. Subfam. PARNASSIOIDE/E 
Parnassia 


Herbs. Radical leaves broad, ovate, palmately nerved, cordate at base ; 
petiole long, evidently grooved, bifacial, with broad membraneous extention at 


«2 Cree Cv OY 
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Fig. 18. Parnassia palustris var. multiseta: A-F (x6), successive sections of a 
stem; G-K (x40), branching of palmate nerves at petiolar top; L-O ( x 80), departure 
of secondary nerve. 


base. On the scape there are in P. palustris var. multiseta, a single and in 
P. foliosa var. nummularia, a few so-called sessile leaves exhibiting the same 


lamina form. 
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Vascular course. P. palustris var. multiseta. A single trace enters the 
leaf. In Fig. 18 A-F, which shows the successive heights of a stem, Fa-d, Ff, 
Fh.... are traces for the usual radical leaves, of which Fa-d each accompany 
traces for the axillary buds Ba-d, which become free of the foliar traces shortly 
before the latter enter the petiolar bases. As soon as a foliar trace enters the 
petiolar base, it becomes concentric, or sometimes nearly so, which condition 
invariably continues throughout the long petiole (Photo. 7 B: middle of petiole), 
after which its form changes into a flattened ellipse, leaving a narrow discon- 
tinuous part at the ventral (Fig. 18G). The ellipse then divides first into three 
parts (Fig. 18 H, D, both laterals subdividing into a few parts to form several 
bundles (usually 5-7), each in the form of a deeply curved arc, the extremities 
of each arc being occupied by the ventral part of the original ellipse (Fig. 
18],K). 'The secondary nerve branches from the lateral side of the primary 
one leaving a small segment of the arc extremity (Fig. 18 L-O). 

An interesting fact here concerns the nature of the scape and so-called 
sessile leaf on it. In Fig. 18 A-F, Fe and Fg are bundles for the two scapes. 
Each scape bundle departs from the stem cylinder as a deeply curved arc, after 
which both ends detach themselves and form a pair of bundles (Se, and Se,, 
or Sf, and Sf,). In the lower part of a scape, a third bundle forms by the 
fusion of branches from these bundles, there being thus three small bundles 
and a large arc with incurved ends (Photo. 7 A). Higher up, these three bundles 
run through the scape and reach the flower, while every part of the incurved 
arc turns to enter the so-called sessile leaf. From these features resulting 
from the departure of the bundles from the stem cylinder and their behaviour 
in the scape, it is obvious that the so-called sessile condition is only an ap- 
pearance, although as a matter of fact, it is also a leaf provided with a petiole 
with which the flowering branch is fused. Consequently, the flowering branch 
is an axillary organ of the so-called sessile leaf, whence it is quite in order 
to call this condition * $seudo-sessile." The incurved ends of the arc curve 
more deeply to form a flattened ellipse just before it divides into the palmate 
nerves; the other conditions are exactly the same as in the case of normal 
leaves (cf. Fig. 18 G-K). 

In P. foliosa var: nummularia, the various conditions are almost identical 
with the preceding species. On the scape, there are a few leaves, of which 
the lowest one is the *pseudo-sessile" and the others the true sessile leaves 
on the scape. 

Histological features. The general histological features of the vascular 
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bundles resemble those in certain species of Saxifraga (? Nephrophyllum). The 
woody part consists of a fairly well-developed metaxylem. No secondary 
elements exist. Each bundle in the petiole as well as in the nerves is sur- 
rounded by 2-3 layers of the parenchymatous pericycle and by a beautiful 
layer of starch sheath with marked Casparian strips. 


IV. Subfam. PTEROSTEMONOIDEZE 
Pterostemon 

P. mexicanus. Shrub. Leaves alternate, with minute stipules (caducas) ; 
lamina oval or ovate, rounded or somewhat cuneate at base, penninerved ; 
petiole short, bifacial. i 

Vascular course. Trilacunar. The 3 traces, of which the median is very 
large, are fused into an open arc at the very base of the petiole. Each lateral 
trace gives off a minute stipular trace from its outer margin prior to its fusion 
with the median trace. Entering the slender part, the open arc deeply incurves. 
At the lamina base, the curved arc again opens and lateral nerves successively 
branch out from the margins of the arc as in the case of Ribes. 

The histological features quite resemble those of Ribes. The woody elements 
are arranged in radial rows separated by narrow rays (1-2 cells in breadth) 
and are composed of the metaxylem and an appreciable quantity of the thick- 
walled secondary elements. The pericycle is of 2-3 layers, which are slightly 
collenchymatous in the petiolar base, top, and the nerves, while in the slender 
part, the sclerenchymatous elements are found to be intermittent groups. Along 
the pericycle there is a layer of somewhat irregular starch sheath, no Casparian 
strips being observable. 


V. Subfam. ITEOIDEZE 
Itea 

Deciduous shrubs (7 Deciduze) or small evergreen trees (2 Sempervirentes) ; 
leaves alternate, simple oblong, oval or elliptical, penninerved with relatively 
short, grooved, bifacial, petioles ; stipule small (caducus). 

Vascular course. à Decidus. In I. virginica, 3 traces, nearly equal in size, 
each of which starts from its own gap, fuses abruptly, usually at the very 
base of the petiole, into an open slightly trilobed arc as described by THOUVENIN 
(1890, pp. 121-122) and MonviL.LEz (1918, p. 556) (Photo. 7 C: middle of petiole). 
Sometimes, however, they do not fuse but almost contact with each other until 
they reach to near the petiolar top. A minute stipular trace branches out from 
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each outer margin of the lateral traces preceding their fusion. Entering the 
midrib, all the lateral nerves successively branch out from the margins of the 
arc, the lowest pair of nerves, however, being usually segmented at a quite 
low part of the petiole. 

An example of the vascular course in a petiole and midrib of I. japonica 
is diagrammatically shown in Fig. 19 A, the traces, of which there are 3, and 
which are nearly equal in size, approach each other somewhat abruptly and 
fuse side to side into a slightly trilobed open arc at the petiolar base, after a 


A 


Fig. 19. A, Itea japonica: vascular system of petiole and midrib. B-E, T. chinensis: 
B, an example of vascular system of petiole and midrib; C, vascular system of petiolar 
base, showing a rather rare case; D, E (x 100), departure of the first pair of nerves; 
F-H, departure of nerves in different ways. 


single tiny stipular trace has issued from the outer margin of each lateral trace. 
'This arc gradually curves deeply and elongates vertically, a few small and 
large bundles being successively segmented from both margins as the stele 
passes through the petiole (Photo. 7 D: middle of petiole). At the lamina base, 
one or two of the lowest small nerves are supplied by the separated small 
bundles on the extremities of the arc. In the midrib, the arc with separated 
bundles on its ends again changes into a continuous bundle with segmented 


ends. Lower down from the branching point of a lateral nerve (e.g. n, in 
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Fig. 19 A), a bundle (n, +y,) separates from the arc end and divides into two 
(n, and y,) (Photo. 7 E), after which the outer one (7,) turns into the lateral 
nerve and other (y,) whence it returns to fuse with the arc end. The same 
process is repeated by a few lateral nerves. To the nerves on the higher part 
of the lamina, however, the vascular supply comes direct from the arc margin 
as was seen in I. virginica (np, n, Fig. 19 A). 

2Sempervirentes. In I. chinensis, 3 traces, a median, and slightly smaller 
laterals, each forming a deeply curved arc, usually fuse side to side into a 
continuous open arc with incurved ends which continue almost throughout the 
whole length of the short petiole (Fig. 19 B; Photo. 7F: middle of petiole). 
In a few leaves, however, a small part of the incurved inner margin of one 
(or both) lateral trace is detached and migrates along the ventral side to fuse 
with its outer margin (Fig. 19 C); other conditions being the same as in the 
usual case. There are no stipular traces. At the petiolar top, when a pair of 
the lowest nerves issue forth, each detaches itself, in many cases, in the form 
of a small concentric bundle (n, Fig. 19 B) with the inner xylem remaining a 
small segment (x) of the incurved end (Fig. 19 B, and D, E); the concentric 
bundle sooner or later changing into a normal collateral situation by opening 
at that part which leans at about a right angle from the part of its closure, 
while the segment (x) soon returns to fuse with the arc end. In some instances, 
however, the nerve bundle remains collateral, to whose inner margin the whole 
of x or a branch of it is fused (Fig. 19F, G). In a few other examples, condi- 
tions in the petiolar top are more complicated, although they are merely modi- 
fications of the former case. One such case is diagrammatically shown in 
Fig. 19H. That is, a relatively large concentric bundle branches out at first, 
there remaining also a small segment which before long fuses again with the 
arc end. The bundle for the lowest nerve (7,’), which is also concentric, comes 
from the mother concentric bundle, the latter soon inserting again into the 
arc passing through a process reverse of that of its departure. The bundle 
for the second nerve (#,’), which is also concentric, issues in exactly the 
same manner as in the case of the first concentric bundle. Other examples 
show virtually the same conditions. When the nerve immediately above it 
issues, a bundle of considerable size is often segmented at a fairly low level 
below that part where the nerve actually leaves the midrib from both ex- 
tremities of the arc (n,+y or n, +y, Fig. 19B). After passing through the 
midrib for a certain distance, it divides into two (71, y; or m,’, y^, a half of it 
(n, or 71") turning to enter the lateral nerve and the other half (y or y’) fusing 
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Photo. 7. A,B, Parnassia palustris var. multiseta: A (x15), flowering branch; 
B (x60), middle of petiole. C (x35), Itea virginica: middle of petiole. D,E (x30), 


I. japonica: 


D, middle of petiole; E, midrib. F (x30), 7. chinensis: middle of petiole. 
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Photo. &. A, B (x20), Ixerba brexioides: A, petiolar top; B, midrib. C, D, 
Roussea simplex: C (x60), midrib; D ( x400), starch sheath with marked Casparian 
strips. E-G, Kirengeshoma palmata: E (x18) a higher part of petiole; F (x 200), 
details of the medullary bundle in Photo. E; G (x30), midrib. 
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again with the arc end. Thus the vascular supply for the second pair of 
nerves usually forms in the same way as in the case of those for the lower 
nerves in Z. japonica (Fig. 19 A). Occasionally, however, the bundle corres- 
ponding to ~,+y or n, +y' shows no actual separation from the arc end, 
although appearing as a dissected part. In such a case, the outer half of this 
dissected part branches out as a nerve bundle, while the remaining half soon 
becomes continuous to the arc. In all the cases just mentioned, the bundles 
for the nerves always branch direct from the arc margins (e.g. mp, », in 
Fig. 19 B). 

In I. parviflora and I. arisanensis, every case of the vascular course observed 
in Z. chinensis are found, excepting that shown in Fig. 19 H. 

Histological features. 'The elements of the well-developed metaxylem and 
the secondary elements which are usually 8-12 (2 Decidua) or 10-20 or more 
(4 Sempervirentes) in number, are arranged in radial rows separated by narrow 
rays of 1 or 2 cells in breadth. The pericycle usually consists of 3-6 layers 
of the parenchymatous elements throughout nearly the whole length of the 
petiole, while they change into the sclerenchym at the petiolar top, beginning 
from both extremities of the arc. In the lamina, all the elements, as well as 
the cells that are contiguous to the inner side of the arc, are sclerenchymatous. 
The sclerenchym in the species of 4 Sempervirentes is especially thick-walled 
(Fig. 19 D, E. Along the outside of the pericycle there is a starch sheath with- 
out Casparian strips, the arrangement of which is not so regular, although 
it is usually well-defined, containing tanniferous substances besides abundant 
starch grains. 


VI. Subfam. BREXIOIDEA® 
1. Zxerba 

I. brexioides. Small evergreen tree. Leaves simple, opposite, alternate or 
whorled, linear or linear-oblong, penninerved ; petioles short, round and bifacial ; 
estipulate. 

Vascular course. Three traces issue from distinct gaps, the median being 
much larger than the laterals, and curving deeply. In many cases, they 
gradually approach one another and fuse margin to margin, forming a trilobed 
arc), which soon changes into a slightly incurved smooth arc at a higher part 
of the petiole. Occasionally a small bundle issues from the inner margin of 


1) THOUVENIN’s description (1890, p. 112) of the manner of fusion of the traces and 
of the nerve that issues shows that they are identical with these two cases. 
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a lateral trace to fuse with the outer margin of the same trace as in the case 
of Itea chinensis (Fig. 20 A, on the right-hand side), or sometimes such a bundle 
from the median trace is also added (Fig. 20 A, to the left-hand side). On the 
other hand, a pair of fairly large bundles, which are very often concentric but 
sometimes collateral, branches out from the outer margins of the lateral traces". 
A small segment remains on the margin exactly in the same manner as in 
certain cases of Itea chinensis» (cf. Fig. 19 B, D-G), before or after the three 
traces have fused. When they are concentric, this condition is maintained 
until they enter the lamina base where they change into a collateral structure 
and leave the midrib as the lowest nerves. Thus in a number of cases, a 
deeply curved arc and a pair of concentric bundles are observed at the petiolar 
top (Photo. 8 A). Entering the midrib, the arc exhibits ends that warp rather 
outwardly, all the nerves branching off from the arc margin (Photo. 8 B). 

The histological features are the same as in Itea- Sempervirentes. The 
pericycle, however, often exceeds 10 layers. | 


2. Roussea 


R. simplex. Evergreen shrub; leaves simple, obovate, penninerved ; petioles 
relatively short, round and bifacial; estipulate. 

'The vascular course differs from that in the former species as will be seen 
from the diagrammatical reconstruction in Fig. 20B. The 3 traces, all nearly 
alike in size and each incurving to form a ringlet at the very base of the 
petiole, fuse side to side, gradually reaching a continuous flattened ellipse as 
described by THOUVENIN (1890, p. 108, Pl. XVIII, Fig. 1). Near the petiolar top, 
the ellipse divides into a dorsal arc and a ventral chord, both being dissected 
into a number of bundles. Each main lateral nerve is supplied by a bundle 
from the margin of the dorsal arc and a smaller one from the extremity of 
the ventral chord (”,, ”,’, Na, N, in Fig. 20 B), while the lowest and the small 
nerves at successive heights issue only from the dorsal arc (7, m,', Ng, N^. 
At a higher part of the midrib, the ventral chord is used up owing to the 
frequent vascular supply to the nerves, only the dorsal arc being observable. 

Histological features. The woody part is ill-developed compared with that 
of Ixerba, there being several elements in a radial row. Very thick-walled 
sclerenchymatous elements in the 2-4 layered pericycle, as well as in that area 


1) See foot note 1) on p. 257. 
2) MORVILLEZ's description (1918, pp. 555-556) agrees with this case so far as concern 
the manner in which the nerve issues. 
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surrounded by the xylem part, appear from both extremities of the ellipse, 
and at a lower level of the midrib, developing completely round the ellipse 
(Photo. 8C). A layer of well-defined starch sheath with conspicuous Casparian 
strips is found along the outside of the pericycle of each trace (Photo. 8 D), 
and as the circular arrangement of the stele is accomplished, the starch 
sheath completely surrounds the vascular ring. These histological features 
also agree with THOUVENIN’s description (1890, p. 108). 


Appendix. Brexia madagascariensis. Evergreen trees. Leaves simple, oblong or linear, 
petioled, estipulate. The vascular course of this species was described by THOUVENIN (1890, 
pp. 113-114) and MORVILLEZ (1918, pp. 555-556). According to THOUVENIN, 3 traces fuse 
margin to margin at the petiolar base into a deeply curved arc; slightly above it, a con- 
centric bundle detaches itself a short distance from each extremity of the arc. The arc 
ends, thus cut off from the arc by the issuing of a pair of concentric bundles, fuse with 
each other to form a single bundle on the chord of the arc. In the meantime, each con- 
centric bundle opens at the ventral part and fuses with one another. Thus in the midrib, 
we find three parallel bundles, “... une inférieure recourbée en arc vers l'épidérme inférieure 
(i.e. the dorsal arc) et une supérieure légérment recourbée en arc vers le haut (i.e. the 
bundle derived from a pair of concentric bundles) (dans ces deux bandes, le bois est supérieur 
et le liber inférieur. Enfin une bande moyenne (i.e. the arc chord), située entre des deux 
précédentes, dans laquelle l'orientation du liber et du bois est l'inverse de ce qu'elle était 
tout à l'heure.” MORVILLEZ's description is much the same, only the manner of fusion of 
the three traces differing in that they fuse “après s'étre constituées chacune en système 
fermés." Thus, according to THOUVENIN, the manner in which the three traces fuse re- 
sembles the case of /xerba, while, according to MORVILLEZ, it resembles that of Roussea. 
On the other hand, it resembles a certain case of Zxezba in the way the concentric bundles 
depart, although it differs in other respects. According to THOUVENIN, the pericycle and 
the endodermis completely surround the vascular system ; the sclerenchym seems to exhibit 
a special feature, viz. *le péricycle présente cà et là dans le pétiole quelques amas scléreux ; 
dans le limbe, c'est presque uniquement au-dessus de la bande libéro-ligneuse supérieure (i. e. 
the bundle derived from the concentric ones) qu'il est scléreux " (p. 114, Pl. XVIII, Fig. 5). 


VII. Subfam. KIRENGESHOMOIDEZ/E 


Kirengeshoma 


K. palmata. Herb. Leaves opposite, palmately 9-11 lobed and palmately or 
subpalmately nerved, but the nerves for a pair of lobes next to the median lobe 
branch from the median nerve at the middle part of the lamina ; petioles long, 
unifacial o and round; estipulate. In a few pairs of the leaves found below the 
inflorescence, the petioles are subunifacial or bifacial and grooved. 

Vascular course. 'The trilacunar type is most common, the median trace 
being large and single, while the lateral traces are also large, each usually 
diving into two before it leaves the stem stele (Fig. 20 C: a diagrammatical 
illustration). Sometimes, however, two lateral traces corresponding to the re- 
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spective halves of the former case depart from the distinct gaps; the segment 
of the stem cylinder which remains between these two lateral gaps being very 
small in some cases, while it is comparatively large in others (Fig. 20 D)—an 
interesting fact when we consider the relation between the trilacunar and the 
multilacunar nodal types. There is, however, no difference between the tri- 
lacunar and the multilacunar cases in the further vascular course. In every 
case there are five bundles at the petiolar base, each of which soon subdivide 
into several bundles which are at first arranged in an arc. Immediately above 


B 


. Fig. 20. A, Ixerba brexioides: a case of vascular system of petiolar base. B, 
Roussea simplex: vascular system of petiole and midrib. C-G, Kirengeshoma palmata: 
C,D, diagrams of two cases of lateral gap; E (x9), middle of petiole; F,G (x9), 
petiolar top. 


it, the arc closes and forms an ovate or round circle, the bundle from each 
extremity approaching very closely or sometimes fusing with one another when 
further divisions and some fusions between the neighbouring bundles may be 
observed. Thus there may be observed along a great length of the petiole, 
several large bundles on the dorsal half and many smaller ones on the ventral 
half of the circle, the total number of bundles being twenty or more (Fig. 
20E: middle of petiole). Of these bundles, those derived from the original 
median trace are the median bundles and a few neighbouring bundles (Fig. 
20 E, bundles derived from the median and lateral traces are bordered by broken 
lines). Usually, slightly above the petiolar middle or sometimes near the petiolar 
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top, a pair of bundles near the median bundle invaginates and forms a pair 
of concentric bundles in which the woody part develops largely on the side 
facing the median bundle or on that side alone (Photo. 8 E, F) that come from 
both the original median and lateral traces. Near the petiolar top, a number 
of bundles start from various parts of the vascular ring and begin to migrate 
to the pith (in Fig. 20 E, the parts that sooner or later become medullary are 
shown in the solid black xylems). As the lamina margins become clear on the 
ventral median line of the petiole, the closed vascular ring gradually opens 
and the medullary bundles situate themselves on the chord of arc (Fig. 20 F). 
Here the arc bundles undergo some branching and fusion, and the chord 
bundles also repeat division, fusion, and twisting. The concentric bundles that 
are also situated on the median part of the chord gradually open and change 
to the normal collateral structure. Thus at the lamina base, whence several 
lateral nerves diverge palmately or subpalmately, the bundles for each nerve 
consist of a dorsal derived from the dorsal arc and a ventral derived from 
the chord bundles, excepting the lowest bundle (7,, 72," in which the ventral 
bundle is wanting (Fig. 20 F : bundles that enter the respective nerves, shown 
bordered by broken lines) In vigorous nerves a few minute fascicules, with 
or without woody elements, are seen on both lateral sides along a certain 
length from the lamina base (Photo. 8G). Considering the relationship between 
the original foliar traces and the constitution of these nerves, the median nerve 
Mm, is continuous with the median trace, and the others with the lateral traces. 

In leaves of smaller size in which the petioles are subunifacial or bifacial 
and are provided with a smaller number of nerves, the traces also start from 
three gaps, but the number of bundles in the petiole, which is small in pro- 
portion to the number of nerves, are arranged in an open arc. 

Histological features. The median and a few other comparatively large 
bundles are usually provided with radial rows of woody elements separated by 
rays of 1 (rarely 2) cell each in breadth. In the smaller bundles the radial 
arrangement of these elements is more or less irregular. The pericycle is 
usually of 4-6 layers, the elements being parenchymatous in the petiolar base, 
top, and nerves, while they are sclerenchymatous in the slender part of the 
petiole. There is a layer of starch sheath along the pericycle, the Casparian 
strips being very thin. 
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VIII. Subfam. BAUEROIDEZE 
Bauera 


B. rubioides. An evergreen shrub. Leaves opposite, trifoliolate without 
common petiole, hence having the appearance of a whorled arrangement of six 
leaves ; estipulate. 

The vascular course is, as described by 'THouvENIN (1890, p. 154), very 
simple; a single trace issues from the node, which soon divides into three nearly 
equal parts, each entering a leaflet. All the nerves branch marginally. 

Histological features. The radial rows of 6-8 woody elements are separated 
by rays of 1 (rarely 2) cell broad; a few layers of the pericycle are parenchy- 
matous at the base of the leaflet, while they are sclerenchymatous in the mid- 
rib, considerable sclerenchym being also present alongside the protoxylem. A 
layer of thin-walled, rather irregular, starch sheath guards the dorsal side of 
the pericycle, often containing tanniferous substances and solitary crystals or 
druses of calcium oxalate. 


IX. Subfam. HYDRANGEOIDEA 
a. PHILADELPHEA 
1. Carpenteria 


C. californica. An evergreen shrub. Leaves opposite, penninerved, simple, 
oblong to lanceolate, gradually narrowed at base; petiole bifacial, almost flat 
or slightly grooved at ventral surface; estipulate. 

Vascular course. Three traces, nearly equal in size, approach one another 
somewhat abruptly at first, but fuse into an open slightly trilobed arc usually 
slightly below the petiolar middle. At the same time, a pair of small bundles 
branch out from the outer margins of the lateral traces at the petiolar base, 
later forming the lowest pair of nerves. This condition agrees with the de- 
scriptions of THOUVENIN (1890, pp. 102-103). Occasionally, however, three traces 
abruptly fuse at the petiolar base and the bundles which supply the lowest 
pair of nerves branch out from the arc ends near the petiolar top. The nerve 
bundles, upon entering the lamina, all branch out from the arc margins. 

Histological features. The woody part, which is well-developed, consists of 
radial rows separated by narrow rays (1-2 cells in breadth); the number of 
elements in a radial row, which is usually 10-15, often exceeds 20 in large 
leaves. The pericycle has 6-12 layers and the elements are more or less 
collenchymatous through the whole course. Along the outside of the peri- 


NO 
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cycle, there is a single layer or, in places, two layers of the parenchymatous 
starch sheath, the arrangement being rather irregular. 


2. Philadelphus 


Deciduous shrubs; leaves opposite, simple, usually ovate to ovate-oblong ; 
petiole short, bifacial, and more or less grooved; estipulate. In the petiolar 
base, there are found in every species a cavity for the intrapetiolar bud. This 
cavity is especially large and deep in P. satsumensis and in the large leaves of 
P. grandiflorus, while, in other species, it is somewhat narrower and shallower. 
A few, usually a single or couple of pairs of somewhat small nerves, divide at 
the lamina base, and, in many cases, a pair of vigorous nerves are seen slightly 
above the base. 

Vascular course. P. satsumensis. At the petiolar base, 3 traces, almost 
alike in size, usually fuse into an open arc with slightly incurved ends that in- 
variably run through the petiole. In the simplest case, all the nerves branch 
out from the margins of the arc as in the case of Carpenteria—a comparatively 
rare case chiefly confined to leaves of small size. The condition that is most 
frequently seen in small and large leaves is that one or two pairs of small 
nerve bundles issue at the lamina base, resembling certain cases of the lowest 
pair of nerves in Itea chinensis and its allies (cf. Fig. 19 B, D-G). But the 
vigorous nerves that are slightly above the lamina base and the other smaller 
nerves at heights above it, all branch off from the arc margins. 

In the large leaves on a vigorous shoot or branch, the vascular system 
occasionally shows certain complexities. In many cases, each trace deeply 
curves at the very base of the petiole, and. one or more small bundles issue 
from the inner margins of the lateral traces or from the median trace and 
fuse with the outer margins, after which, three traces fuse with one another 
into an arc with incurved arms (Fig. 21 A). At a certain height, the arms 
detach themselves, and often each of them divide into two, thus forming one 
or two pairs of the small ventral bundles that frequently roll up and form a 
concentric structure with the outer phloem (in Fig. 21 A is shown a case of 
two pairs of ventral bundles y, y’, z, 2’). Near the petiolar top, the bundles 
for the first pair of feeble nerves (7,, ”,’) issue in the usual manner (cf. Fig. 
19 B, D-G). Entering the lamina base, where the second pair of small nerves 
(n,, 1, ) depart from the margins of the dorsal arc, each of the ventral bundles 
(y, y^) divide into two, the one fusing with the dorsal arc, the other with the 
inner margin of the nerve bundle. Slightly higher, the bundles for the pair 
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of vigorous nerves (7, n^) on the next height issue from the arc ends, the other 
ventral bundles (z, z^ acting in the same manner as in the case of y. In the 
case of a pair of such bundles alone, they usually concern the vigorous nerves. 
In other examples, the ventral system is either not formed or is formed only 
temporarily, but the arc with incurved arms soon changes into an open arc, 
other conditions being the same as usual In other instances, each trace also 
incurves deeply at the petiolar base, the median trace often being temporarily 
divided into three, and when three traces come in contact, the fused margins 


Fig. 21. A,B, Philadelphus satsumensis: vascular system of petiole and midrib, 
from two large leaves. C, Deutzia crenata: vascular system of a large leaf. 


form towards the ventral a pair of protuberances (fr, pr’) that does not actual- 
ly separate, but promptly disappears (Fig. 21 B). Meanwhile, the small bundles, 
which soon change into amphivasal concentric bundles, often detach from the 
incurved outer margins of the lateral traces, as seen in the illustrated example. 
They continue for the whole petiolar length along the ventral surface of the 
widely open dorsal arc. At the petiolar top, where the first pair of small 
nerves branch out, they fuse partly with the inner margin of each nerve 
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bundle, and partly with the margins of the arc. Judging, therefore, from the 
structure as well as the behaviour of these ventral bundles, this seems to be 
a special situation of bundle x (cf. Fig. 19 B, D-G). Their further course shows 
no peculiarities. 

In almost every example of P. grandiflorus, P. Lewissi, P. verrucosus, and 
P. coronarius, both the simplest and the usual cases of P. satsumensis are 
observed. In the first species, the case shown in Fig. 19 F is met with rather 
frequently. The last species has hitherto been treated by several investigators, 
but the results do not show complete agreement. Perr (1887, p. 103) writes 
“le systéme libéro-ligneux débute par trois faisceaux qui, à 1mm, se soudent 
en arc dont les extrémites émettent deux faisceaux.”, and THOUVENIN (1890, 
p. 90) gives the same description. Cor (1904, p. 116; Fig. XXII, 1, 15, how- 
ever, frequently observed that when the open arc detaches a pair of lateral 
nerves, a small bundle issues from each extremity of the arc, which fuses im- 
mediately above with the inner margin of the lateral nerve, while, according 
to MOoRVILLEZ (1918, p. 557; Fig. VIID, the small bundle does not fuse with the 
lateral nerve but with the margin of the original arc. My present observa- 
tions confirm every one of their findings. 

Histological features. The woody part shows radial arrangement, a row 
usually consisting of 6-10 or more elements ; rays, 1 or rarely 2 cells in breadth ; 
pericycle, in many cases 4-6 layers, whose elements are parenchym in the 
slender part of the petiole, and have a relatively thin-walled sclerenchym in 
the midrib and nerves. Such transformation, occuring at the petiolar top or 
lamina base, begins from the arc ends towards their median part. A layer of 
somewhat irregular, or rarely a more or less regular, starch sheath is present 
along the outside of the pericycle. 


Appendix. In Jamesia americana which, according to THOUVENIN (1890, pp. 89-90), 
is closely allied to Philadelphus, 3 traces are fused into an arc at the petiolar base. He 
gives no further details. 


e 


3. Deutzia 


Deciduous shrubs. Leaves opposite, penninerved, elliptical to elliptical- 
oblong or ovate, cunate, rounded or sometimes cordate at base; petiole short, 
bifacial, eminently ridged and grooved; estipulate. 

Vascular course. In all the species dealt with here, namely, D. gracilis, 
D. uniflora, D. Sieboldii, D. crenata, and D. crenata var. pubescens, the whole 
vascular system in the small and large leaves is the same as in the common 
case of Philadelphus satsumensis. The manner in which the nerve bundle 
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issues (cf. Fig. 19 B, D-G), however, is found not only in one or two pairs of 
the lower nerves, but often is recapitulated in three, four, or rarely five pairs, 
in the first and latter three species, while in D. uniflora alone; it is observable 
in one or two pairs. The segment of the arc end, when such a nerve issues, 
in D. crenata and var. pubescens is especially large and frequently rolls up 
and temporarily forms a concentric bundle with the outer xylem. 

Some large leaves on a vigorous shoot óf D. Sieboldii, D. crenata and var. 
pubescens, however, sometimes show a more coinplex vascular system. In D. 
Sieboldii, the vascular system in the petiolar base is often similar to that of 
Philadelphus satsumensis, which is illustrated in Fig. 21 A, but the deeply in- 
curved arc thus formed soon changes into one slightly incurved, other condi- 
tions being the same as in the usual case. The petioles of such leaves in D. 
crenata and var. pubescens are usually broad and especially short, an example of 
the vascular system being shown in reconstructed form in Fig. 21 C. The three 
traces approach one another and the nerve bundles branch out almost simul- 
taneously. At the petiolar base, a few small bundles issue not only from the 
outer margins, but also from all the other margins of the three traces, some 
of them being fused into concentric bundles with the outer xylem. Although 
they do not fuse with the margins of the dorsal arc and form incurved arms, 
their further behaviour is the same as that of the bundles y, y’, 2, zin a case 
of Philadelphus satsumensis (cf. Fig. 21 A; Photo. 9A: middle of petiole of 
D. crenata). On the other hand, it may be permissible to regard the actual 
issue of these bundles as an example of an advanced condition of the case of 
P. satsumensis shown in Fig. 21 B. 

THOUVEVIN (1890, p. 101) briefly described D. gracilis and D. scraba (=D. 
crenata) as having three traces fused at the petiolar base into a trilobed arc, 
while Cor (1904, p. 116) noticed the small segment on the arc end when a 
nerve issues (x in the present paper) and wrote “il y a des fascicules latéraux 
ayant trés court trajét antérieur." 

The histological features are also usually the same as in Philadelphus, but 
the pericycle usually has 2-4 layers, while the sclerenchymatous elements 
emerge from a fairly low part of the petiole, although their number is small 
and the walls are fairly thin. In the petiolar top and lamina, nearly all the 
elements become thick-walled. 
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4. Whipplea 


W. modesta. Deciduous shrub. Leaves opposite, simple, trinerved, ovate 
or oval, sessile or subsessile; estipulate. Vascular course very simple, viz. 
3 traces, a large median and two small laterals, separately entering the lamina 
and forming three nerves. The histological features are almost the same as 
in Deutzia, but the elements of the pericycle (1-3 layers) are parenchymatous 
throughout the whole system. 


b. HYDRANGEA 
1. Platycrater, Cardiandra, and Deinanthe 


Small deciduous shrubs (Platycrater) or herbs. Leaves simple, opposite or 
alternate (Cardiandra), penninerved; petioles bifacial; estipulate. In Deznanthe, 
the leaves assume a forked aspect. They are not forked leaves, but only appear 
to be so owing to vigorous development of a lateral nerve or lobe (pseudo- 
forking), which is easily recognized when one carefully examines a number of 
forms intermediate between the normal and unusual forms. 

Vascular course. In all the species of these genera, 3 traces nearly equal 
in size issue from their own gaps and enter a leaf. 

Platycrater serrata. The most common case of a vascular course in the 
petiole and midrib is diagrammatically shown in Fig. 22A. At the petiolar 
base, three traces approach one another and arrange themselves in an open 
arc, and both the median and inner margins of the lateral traces issue a small 
bundle. Thus these four (total) bundles twist themselves, showing an inverse 
orientation compared with their mother bundles, and migrate, arranging them- 
selves side by side on the arc chord. In the meantime they fuse into a pair 
which fuses again for the second time, usually at a higher part of the petiole 
and form a single collateral ventral bundle (Photo. 10 F). On the other hand, 
in many cases each lateral trace divides into a few bundles at the very base 
of the petiole. Thus, at a higher part of the petiole there is an open dorsal 
arc consisting of several separated bundles, the largest median bundle, the outer 
smaller bundles, and a single ventral bundle (Photo. 9B; near the petiolar top). 
But rarely, either a division of the lateral traces does not occur, or a pair of 
ventral bundles continues onward until they enter the midrib”. A few small 
nerves on the lamina base come from the small bundles on the arc margins, 


while in the main nerves, the nerve bundle, when it leaves the midrib, branches 


1) THOUVENIN (1890, p. 96) gave the same description. 
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out a small bundle (y, y’ in the case of 74, ”,’) and the ventral system sends 
out a branch (z’ in 7^, all these soon fusing with the margins of the dorsal 
arc. Sometimes, however, the bundle that corresponds to z’ (usually in the 
lowest main nerves) or y, y' (usually in the higher nerves) is not formed. The 
separated bundles on the dorsal arc become continuous usually at the middle 
región of the lamina. Higher up the midrib, the ventral system is used up 
and the nerve bundles branch themselves out only from the margins of the 
dorsal arc. 

In C. alternifolium, the whole vascular system is almost identical with the 
preceding species, but the separated bundles on the dorsal arc become con- 
tinuous, usually at the lower part of the lamina, and very frequently when 
the nerve bundle issues there is none that corresponds to y. 
D. bifida. The vascular system is also nearly the same as in Platycrater. 
The dorsal arc, which curves deeply, usually consists of a dozen bundles, while 
the ventral bundle is large and becomes single at the base of the petiole. The 
vascular supply for the few pairs of nerves on the lower part of the lamina 
occur exactly in the same manner as in Platycrater (cf. Fig. 22 A), although 
several of the nerves that follow differ somewhat in that they each accompany 
a ventral bundle (vm) that comes from that in the midrib (Fig. 22 G). 

Histological features. 'The woody elements are arranged in radial rows, 
each consisting of 5-8 metaxylems and secondary xylems; the rays are 1-2 
cells in breadth. The pericycle has mostly 2-3 layers, or rarely, as in Deinanthe, 
reach 5. As far as my present observation goes, the elements are always 
parenchymatous throughout the whole vascular system. THOUVENIN (1890, p. 
98) wrote, however, that, in Platycrater, they become sclerenchymatous in the 
petiolar top and lamina. Along the pericycle, in the former two species, a layer 
of starch sheath is usually arranged rather irregularly, which, however, is more 
or less regular in the latter. 

2. Hydrangea 


All the species studied were deciduous shrubs. Leaves usually opposite, 
simple, oblong-ovate or elliptical, with cunate or narrowed base and penninerved 
in many species, but ovate or oval with mostly rounded or cordate base and 
somewhat subpalmately nerved in a few others (H. arborescens, H. cinerea, H. 
petiolaris); petioles rounded or grooved, bifacial; estipulate. In H. paniculata, the 
leaves are not infrequently whorled (ternately) in the shoots or vigorous branches. 
The pseudo-forked condition is noticed quite frequently in H. sikokiana (cf. 
Fig. 23 ,), and very rarely, as a teratological phenomenon, in H, japonica. 
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Vascular course. 4 Euhydrangea. 22Petalantha. All the species of this 
subsection show the trilacunar type, the 3 traces being almost of the same 
size. At the petiolar base, three traces fuse into an open arc after one or a 
few small bundles have branched out from the outer margin of each lateral 
trace. 

H. luteo-venosa presents the simplest vascular course (Fig. 22B) In the 
slender part of the petiole, there is only a dorsal arc accompanied with a small 
bundle on each end (Photo. 9 C: middle of petiole); one or two pairs of small 
nerves on the lamina base come from the small bundles, while all the small 
and large nerves above them branch out from the arc margins. 

In all the following species the vascular course is usually more complex 
owing to the presence of the ventral system. In smaller examples, however, 
the ventral system is often either not formed or only very faintly so, the 
vascular supply occurring in the manner just stated. 

In H. scandens, the ventral system forms exactly in the same manner as- 
in the case of Platycrater (Photo. 9D: middle of petiole). Sometimes, however, 


the components of the ventral system, instead of being completely fused, 


anastomose and form a few separated bundles on the arc chord, the structure 
of these bundles being usually collateral but rarely composed of phloem elements 
alone. When the vascular supply to the main nerves comes from the margins 
of the dorsal arc, the ventral system issues a branch which usually joins either 
the arc margin after the nerve bundle leaves the midrib as in a case of P/aty- 
crater (Fig. 22 Fc) or both inner margins of the nerve bundle and arc (Fig. 
22 Fe), or rarely the outer margin of the nerve bundle (Fig. 22 Fa). 

In H. hirta, the vascular course is almost the same as in the case of H. 
scandens. The ventral system, however, consists in many cases of a few small 
separated bundles with or without small quantities of the woody elements. 
The vascular supply to the main nerves frequently shows, besides the cases 
of the preceding species, a type shown in Fig. 22 Fb in which a bundle from 
the ventral system joins only the inner margin of the nerve bundle. 

H. japonica. The vascular course is sometimes the same as in H. hirta, 
but usually is more complex as shown in the diagrammatic reconstruction (Fig. 
22 C). The ventral system is composed of bundles that come from both margins 
of the median and inner as well as the outer margins of the lateral traces. 
The bundles from one and the same margin are not always single, but often, 
especially in the lateral traces, more than one. "These bundles, which undergo 
some division, fusion, and anastomosing, form many separated bundles which 
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usually show a collateral structure (Photo. 9 E: middle of petiole; Photo. 10 A : 
ventral system). At the lamina base, a few small nerves are supplied by the 
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Photo. 22. A-C, vascular system of petiole and midrib: A, Platycrater serrata; 


B, Hydrangea luteo:venosa ; C, H. japonica. D, vascular system of petiolar base ob- 
served in H. grosseserrata, H. paniculata, H. macrosepala, H. arborescens, etc. BIA 
yezoensis: vascular system of petiolar base. Fa-f, several cases of branching of lateral 
nerves in Hydrangea and its allies. G, Deinanthe bifida: branching of a vigorous 
nerve. å 

bundles that lie separately on the extremity of the dorsal arc, while in the follow- 


ing one or two nerves, the ventral system sends out no elements, although we 
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meet with various behaviours of the small bundles that start from the outer 
or inner margin of the nerve bundle and fuse with the other margin of the 
same bundle, with the arc or with the ventral system, or with both of them, 
a few cases being shown in Fig. 22 C (,, ,/, n) When the main nerves at 
the various heights issue forth, the ventral system sends out a bundle which 
most always divides and joins the inner margin of the nerve bundle and the 
arc (”,’, na in Fig. 22C; Fe) or both margins of the nerve bundle and the 
arc (n,’, n, in Fig. 22C; Ff). The cases in H. scandens and H. hirta shown 
in Fig. 22 Fa-c, etc., are also met with, though rarely. 

In H. macrophylla and var. Otakusa, the same cases are found. H. serrata, 
var. Thunbergii and var. amagiana are also much the same, but in these species 
the ventral system, which consists only of phloem elements, is frequently ob- 
served (Photo. 10 B), the main nerves branching mostly in the manner shown 
in Fig. 22 Fc or Fe. 

The way in which the ventral bundle forms in H. grosseserrata, H. macro- 
sepala, and H. formosana somewhat differs, in many cases, from the preceding. 
At the petiolar base, the parts that correspond to the four components of the 
ventral system in the case of Platycrater also issue, but, at first, either before 
or after they leave the mother bundles, they contact with each other prior to 
their twisting and forming a pair of bundles without woody elements in their 
median part, after which each bundle invaginates and rolls up, forming a 
bundle, the phloem part assuming the form of a ringlet and the woody part 
developing only on the side facing the dorsal arc (Fig. 22 D). A pair of bundles 
of ringlike phloem fuse, meantime, side to side, into a single ventral bundle 
of the same nature (cf. Photo. 10 G). The upper half of the ring, i.e. zone II 
of the ventral system, as I call it, thus consists only of the phloem elements, 
although it is usually faint and intermittent in these species, while at the lower 
part of the midrib, zone I soon fuses with both ends of the lower half of the 
ring, i.e. zone I resumes its collateral position. The manner of vascular supply 
to the main nerves is mostly that of the cases shown in Fig. 22 Fb in H. gros- 
seserrata, Fa in H. macrosepala, and Fd. in H. formosana. 

H. yezoensis also usually shows a ventral system composed of a phloem 
ring, the woody part being developed only in zone I (Photo. 10 C), the large 
median parts of this bundle being formed as in the case of H. grosseserrata, etc., 
while both lateral parts form from a few small bundles which issue from the 
outer margins of the dorsal arc and also show a circular phloem (Fig. 22 E). 
Thus the circle of the phloem is very flat and the elements are intermittent 
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in the upper half. Usually in the midrib, the ventral bundle divides and forms 
several collateral bundles. The vascular supply to the nerves is identical with 
the case of H. japonica. 

22 Heteromalle. H. paniculata. In most examples, a continuous dorsal arc 
and a ventral bundle forms exactly in the same manner as in the case of H. 
grosseserrata (Photo. 9F: middle of petiole; cf. Fig. 22D). The ventral system, 
however, usually consists of zone I with a fairly well-developed woody part 
and zone II of intermittent phloem elements. For the main nerves, the bundles 
that branch from the margin of the dorsal arc and zone I of the ventral system 
enter the main nerves in the manner shown in Fig. 22 Fc,e, f, while the phloem: 
fascicules in zone II, instead of taking a direct part in the vascular supply, either 
end blindly in the midrib or fuse with the margins of zone I. In a few examples 
on a vigorous shoot, however, there is a case in which a very large, single, col- 
lateral, ventral bundle, namely, that of zone I only, forms at the petiolar base 
by the fusion of the components derived from every margin of the three traces. 
Many nerve bundles are formed as in the preceding cases ; and rarely, just before 
or after a nerve bundle leaves the midrib in one of these ways, a part of the 
margin of the ventral system folds and separates to form a bundle of zone II, 
with or without a very small quantity of woody elements, and instead of 
running such long distances, soon returning to the margin of zone I. In a few 
other examples in which the phloem shows a ring arrangement, there forms, 
when a vigorous nerve branches out, a small phloem fascicule of zone III by 
a folding of the margin of zone II. This fascicule, however, soon either returns 
to fuse with the margin of zone II or ends freely. 

4$ Americana. In the species of this subsection, the traces, of which there 
are 3 or more, do not fuse with each other in the petiole, but each divide and 
anastomose to form a dorsal arc or separated bundles as in the case of Platy- 
crater or Deinanthe. 

In H. arborescens, 3 traces enter a leaf. 'The structure of the ventral 
system (Photo. 10 G) and the vascular supply to the main nerves are the same 
as in the usual case of H. paniculata. 

A more complex vascular course is observed in H. sikokiana. The number 
of traces is mostly 5 which, in leaves on a vigorous branch or shoot, are often 
6 or 7, while in those of smaller size on the base or especially on the top of 
the branch, they are reduced to 4 and then to 3. An example of changes in the 
number of traces in a branch is shown below, the number of traces for the 
opposite leaves on the same node being shown grouped as follows; 
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Photo. 9. A (x15), Deutzia crenata: middle of petiole of a large leaf. B (x25), 
Platycrater serrata: near the petiolar top. C-G, middle of petiole of Hydrangea: C 
(x20), H. luteo-venosa; D (x20), H. scandens; E (x20), H. japonica; F (x20), H. 
paniculata G (x12), H. sikokiana. 
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Photo. 10. A-G, ventral system of Hydrangea and its allies: A ( x50), H. japonica; 
B (x50), H. serrata; C (x25), H. yezoensis; D (x50), H. involucrata; E (x40), H. 
sikokiana; F (x100), Platycrater serrata; G (x50), H. arborescens. H (x50), H. in- 
volucrata : a component of the ventral system just issues from the dorsal arc. I (x20), 
H. cinerea: lower part of midrib. 
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The manner in which the components of the ventral system issue is almost 
the same as in the case of H. grosseserrata, H. paniculata, etc., but the woody 
part of each component usually develops not only on the side facing the dorsal 
arc, but tends to surround the phloem ring (Fig. 23; cf. Photo. 10H : H. in- 
volucrata, a component just issues from the dorsal arc). The number of com- 
ponents, however, usually varies between two and six, in proportion to the 
number of traces. They fuse at the petiolar base side to side into a single 


Fig. 23. Hydrangea sikokiana: an example of vascular system of petiole and midrib. 


large ventral bundle of ring form, the structure of which differs with that of 
the components, showing either zone II, which consists only of the inter- 
mittent phloem fascicules (cf. Photo. 10G: H. arborescens), or that with a 
more or less developed woody part (cf. Photo. 10D: H. involucrata), or the 
woody part completely surrounding the phloem ring (Photo. 10 E), the last two 
conditions being quite usual. A reconstruction of an example of a very com- 
plex vascular system in the petiole and midrib is shown in Fig. 239. The 


1) This shows a large leaf from a vigorous branch, the main nerves amounting to 
about a dozen (nı, 7,/,... gs), in which the seventh nerve on the right-hand side (”,) and 
the midrib have a forking aspect. 
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vascular system begins with five traces of almost equal size, four components 
of the ventral system being sent out. In the slender part, there is a large 
ventral bundle in which the woody part completely surrounds the phloem ring 
and a dorsal arc consisting of about twenty separated bundles (Photo. 9G: 
middle of petiole; Photo. I0 E: the ventral bundle) Upon entering the lamina 
base, one or two pairs of small nerves on the lamina base are supplied by a 
few pairs of outer bundles on the dorsal arc, many of them branching out 
small fascicules which either fuse with the neighbouring bundle, or with the 
outer margins of the same bundle. To the main nerves above them, however, 
the ventral system sends out small or large bundles, and the ventral system 
itself undergoes a marked increase of zones. The latter condition will be dealt 
with first. When the first pair of nerves (7,, 4," leaves the midrib, both 
lateral parts of the continuous ring of the ventral system break and change 
into two parallel zones (zones I and II). The margins of zone II then fold, 
when the second pairs of nerves (7,, ”,’) issue and form zone III; the folding 
of the margins of the latter results in zone IV when the nerves above them 
(m3, n’) branch out. Of the four zones thus formed, zone I is the largest, 
the others gradually getting smaller with height of zone. Their orientations 
are alternate, i.e. the woody part of zones I and III are the reverse of that of 
the dorsal arc, while zones II and IV are the same as that of the dorsal arc. 
'This condition, however, continues only for a short distance, the number of 
zones being reduced one by one, passing through the reversed processes of 
their formation at the part where the nerves above them branch out, that is, 
just above the nerves 7»,, n,’ the zones reduce to three, and at 7, 7,’ to two. 
After the nerves 7,, n, branch out, the ventral system becomes single and at 
the same time both margins branch out and fuse with the dorsal arc, whereas 
at n,’ it completely joins the dorsal arc. In other examples, we frequently 
meet with three or four zones and even with five zones, although rarely. In 
these cases, the woody part of the uppermost zone is usually either ill-developed 
or altogether absent. In the smaller examples, however, it consists only of 
two zones, zone II consisting sometimes, in very small leaves, of only inter- 
mittent phloem fascicules. 

We shall now come back to the explanation of the example illustrating 
the manner of vascular supply to the main nerves. In the first pair (s, 7,’), 
small parts of the ventral system from zones I and II join both margins of a 
bundle that comes from the dorsal arc, while, in the second pair, the bundles 
from zones I and II, being also not so large, wholly (n,) or partly (”,’) re- 
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main as zone I of the ventral system of the nerves. In the vigorous nerves 
that follow, the bundles that come from the ventral system form a very im-- 
portant part of the nerve construction, entering the nerves in some peculiar 
and highly complex ways. In n, n, from each of zones I and II, a bundle 
branches out and fuses phloem to phloem, and then divides vertically along 
the median line and forms two bundles with their woody parts facing each 
other, the one forming, together with the bundle from the dorsal arc of 
the midrib, a dorsal arc of the nerve, and the other,, zone I of the ventral 
system of the nerve. A small branch from zone III (7,’) or IV (z,) enters 
zone II of the nerve. In m,’, the main parts of the nerve bundle form in almost 
the same manner, but zone II is not formed. In n, 7;,...,%,’, the bundles 
issue from zones I and II and fuse margin to margin, and then fuses with 
the bundle that comes from the dorsal arc to form the same in the nerves, 
another branch either from zone I (in 7», 7, Nz’, “,) or IL (2,^) forming zone 
I of the nerve. Zone II forms only in 7,; this bundle comes from zone II of 
the midrib. Thus, as the ventral system in the midrib becomes smaller and 
smaller owing to the frequent vascular supply, it finally becomes only a small 
bundle of zone I. In n, which shows a forked aspect, the bundle from zone I 
partly joins the dorsal arc and partly becomes a small ventral bundle, while in 
the small nerves that follow (7,/, ns), they receive only a bundle each from 
the dorsal arc. 

In other examples, the vascular supply for the nerves works in the same 
way. Inthe smaller leaves, the ventral system in the nerves is usually greatly 
reduced, but zone I is in many cases formed at least in a few somewhat large 
nerves. 

H. cinerea shows nearly the same vascular system as that of H. sikokiana, 
but so far as my present observation goes, the traces always number 3. The 
zones of the ventral system in the midrib frequently reach three or four. In 
a few large leaves, however, the vascular system is much more complicated 
owing to the issue of a few small fascicules between the dorsal arc and zone 
I of the ventral system. When the vigorous nerves receive a vascular supply, 
these fascicules usually consist merely of the phloem elements, each fascicule 
showing a ringlet structure (Photo. 10 D). These fascicules anastomose with 
each other and soon return to the margins of the dorsal arc or end blindly 
after running a short distance. 

22 Aspera. H. involucrata. The number of traces is usually 5, while in 
smaller examples there are frequently cases of 3 or an intermediate 4. The 
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whole vascular system is also the same as in H. sikokiana (Photo. 10D: an 


-example of the ventral system in the petiole; Photo. 10 H: a component of the 


ventral system just issues at the petiolar base) The number of zones in the 
ventral system usually reaches three. 

àCalyptranthe. H. petiolaris. The number of traces range between 3 and 
7, of which 5 is the most frequent. A continuous dorsal arc and a ventral 
system of ring-phloem usually forms, these and their further behaviour being 
in the same manner as in the case of H. paniculata (Photo. 9F: middle of 
petiole), although in some instances a ventral bundle forms in a few large 
nerves. 

According to a number of investigators, the case of three traces is very 
common in species of this genus, e.g. H. nivea ($$ Americana), H. aspera 
(22 (Aspera) (THOUVENIN, 1890, p. 95). Judging from Bouvcurs's description 


(1902, pp. 143-148) of the manner of formation of the ventral system, there 


are three traces in H. quercifolia, while SCHNEIDER gives cases of five and seven. 
Sinnott (1914, p. 313) noticed that the number of gaps is five or seven in a few 
species of Hydrangea. The vascular system in the petioles was described by 
'THoUVENIN and Petit, chiefly of H. macrophylla, the results being identical 
with those of a common case in the present observation. MomnviLrzz (1918, p. 
557) described the construction of the petiolar bundles in H. macrophylla (as 
H. Hortensia) and H. nivea, and the ring structure of the ventral system in 
the latter species. According to his illustration (Fig. IX), it seems to consist 
also of a phloem ring and an ill-developed woody part in both zones I and II. 
The presence of the ring-formed ventral bundle in H. quercifolia (1 Americana) 
has been described by Bouycurs (1902, p. 57 and pp. 143-148), according to 
whom, this bundle has well-developed woody parts in zones I and II (Fig. 27) 
which is derived by the fusion of a pair of bundles of the same nature at the 
petiolar base^ He regarded the nature of this bundle as “ pseudo-faisceaux 
concentrique inverse," which is derived from * méristéme d'origine corticale." 
Ueno and NAKAOKI (1934) noticed the peculiar arrangement of the bundles in 
the midrib of H. involucrata. 

Histological features. All the species are nearly uniform in that the woody 
elements are arranged in radial rows that alternate with narrow rays usually 
of 1-2 cells breadth, a row usually consisting of 5-10 elements of metaxylems 
and secondary xylems. The pericycle has mostly 1-3 layers in many 2 Petal- 
anthz, 2-4 or rarely 5 in other species, the elements in every species being 
parenchymatous in the petiole. In the midrib and nerves, they are also 


Anatomical Studies on the Leaves of some Saxifragaceous Plants 279 


parenchymatous, as mentioned by THoUVENIN (1890, p. 96), in some 4? Petal- 
anthe (H. serrata, H. japonica, H. macrophylla, H. yezoensis and their varieties) 
and 22 Heteromallz (H. paniculata), while in other species there appear various 
quantities of relatively thin-walled sclerenchym. A layer of starch sheath is 
present along the pericycle, usually being arranged somewhat irregularly. 


3. Schizophragma 


S. hydrangeoides. A climbing deciduous shrub. Leaves opposite, simple, 
penninerved or subpalmately nerved, broadly ovate, cordate or often rounded 
at base; petiole slender and bifacial; estipulate. Leaves assuming a forked 
aspect are rarely observed. 

Vascular course. On the number of traces THOUVENIN (1890, p. 95) wrote 
“il oscile entre'quatre et neuf," and Sinnorr (1914) pointed out 5 or 7 traces 
and gaps. Within the extent of my present observation, however, it has always 
been 3 although I have carefully examined huridreds of large and small leaves 
collected from many different individuals. Beyond this the vascular system 
shows a certain diversity. In ordinary cases, there forms, as in the case of 
Hydrangea paniculata or H. petiolaris, a continuous dorsal arc accompanied 
with one or more pairs of small bundles on its extremities and a ventral system 
with zone II of the intermittent phloem fascicules as described by THOUVENIN 
(p. 98) (Photo. 11 A: middle of petiole), in which case the vascular system is 
also nearly the same as that of H. paniculata, Although the vascular supply 
to the main nerves largely follows the type shown in Fig. 22Ff, in a few 
vigorous ones (cf. 7^, 7,', Na, n, in Fig. 24 A), the bundles derived from the 
ventral system become either wholly or partly a ventral bundle of the nerve 
or fuse with the bundle from the dorsal arc and form the deeply incurved 
ends of the nerve bundle in others (cf. 7,, 2,^. The phloem fascicules of zone 
II usually have no direct connection with these vascular supplies, but either 
fuse with the margins of zone I or end blindly in a lower part of the midrib. 
Rarely, there are a few woody elements on the fascicules of zone II. 

In some large leaves, the ventral system frequently shows certain peculiar 
complexities, an example being diagrammatically shown in Fig. 24 A. At first 
a pair of components of the ventral system, each having zone II with a few 
minute phloem fascicules (in the figure, only a part of these fascicules is 
shown in the petiolar base and middle, their further course being omitted) are 
formed in the usual manner. Zone II acts in the same way as in the preced- 
ing case. Zones I of each of them, however, soon divides into two, rolling 
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themselves up towards the dorsal arc and forming four more or less complete 
concentric bundles with the inner xylem. When these bundles roll themselves 
up, a few minute fascicules issue and arrange themselves in a zone. For con- 
venience in comparing the ventral system of this species with that of Pileostegia, 
to be described later, the halves of these concentric bundles which come from 
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Fig. 24. A,B, Schizophragma hydrangeoides: A, vascular system of petiole and 
midrib of a large leaf; B, diagram of ventral system in Fig. A, showing zones of 
ventral system. C-H, Pileostegia viburnoides var. parviflora: C, vascular system of 
petiole and midrib; D-F, formation of ventral system, zones are shown in Fig. F; 
G, H, two different structures of ventral system. 


zone I and occupy the side of the dorsal arc, and the zone of phloem fascicules 
just mentioned; these we shall call zones I’ and II’ (Fig. 24B: in the figures 
the zones are bordered by broken lines). Meanwhile, a collateral bundle that 
issues from each margin of the dorsal arc is added to the ventral system. Thus, 
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in the slender part of the petiole, there is a ventral system composed of four con- 
centric bundles with the inner xylem (zones I and I^), and a pair of intermittent 
fascicules of zones II and II’ (Fig. 24 B; Photo. 11 B). In other examples there 
form either a pair, or one large median and two smaller laterals, of, or’ 
rarely, a single large, concentric bundle in the same way as stated above or 
else there forms later by the segmentation of zone I, a ring-shaped ventral 
bundle having zone II of the intermittent phloem fascicules. In some cases, 
some or all of such bundles show semicircular forms instead of the con- 
centric; frequently zone II’ is not formed. These conditions usually differ in 
every case passing through processes the inverse of their formation, into 
collateral zone I and zone II of the phloem fascicules at a lower part of the 
midrib, the other conditions being exactly the same as in ordinary cases 
(Fig. 24 A). 

The histological features are the same as in the case of Hydrangea, espe- 
cially of H. petiolaris, but the pericycle is often of 6 or more layers, the 
elements of which are sclerenchymatous in the midrib and nerves. 


4. Pileostegia 


P. viburnoides var. parviflora. An evergreen shrub. Leaves opposite, penni- 
nerved, oblong, gradually narrowed into bifacial petiole ; estipulate. 

Vascular course. Trilacunar: a large median and two smaller laterals enter 
the leaf. The vascular system, especially its ventral system, is in many cases 
quite complex, somewhat resembling certain cases of Schizophragma, a typical 
example of which may be seen in the diagrammatic reconstruction in Fig. 24 C, 
while the formation of the peculiar ventral system at the petiolar base may be 
seen in successive transverse section in Fig. 24D, E. As the traces enter the 
petiolar base, the median trace soon incurves deeply and divides into five parts, 
m,m, m, and a pair of components of the ventral system v, v’, in which m,, 
m, are usually small and the others almost alike in size. Bundle » becomes a 
median, and m,, m, fuse with the lateral traces and form a pair of large 
laterals of the dorsal arc, they being arranged in a deeply curved arc with- 
out fusing throughout the petiole and midrib. At the same time a small 
bundle detaches itself from each outer margin of the lateral trace at the very 
base of the petiole (Photo. 11 C: middle of petiole). The ventral system usually 
begins to form bundles v and v’, whose woody part faces the dorsal arc as 
in the illustrated example, to which bundles are added, although rarely, the 
branches from the inner margins of the lateral traces. They roll themselves 
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up toward the dorsal arc, and the margins contiguous to the median line of the 
petiole soon detach themselves and fuse side to side, so that their woody parts 
face those of v and v' (Fig. 24 D,E). All these bundles usually soon fuse to- 
gether and form a ring with the inner xylem (Fig. 24F; Fig. 25). At the same 
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Fig. 25. Pileostegia viburnoides var. parviflora : details of a bundle of the ventral 
system in Fig. 24 C, F (x200). 


time, there forms a zone of intermittent phloem fascicules that are derived 
from the margins of v and v’ when they roll up, this zone guarding a narrow 
crescent-shaped area next to the ring (Fig. 24F; Fig. 25). Thus we have here 
three zones in the same way as in the case of Schizophragma, that is, the 
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upper half of the ring as zone I, the lower half as I', and the zone of phloem 
fascicules as II’ (Fig. 24F; cf. B). Zone II is not formed in this species. In 
many examples further bundles add to the ventral system, usually at the middle 
of the petiole or above it and, rarely, near the petiolar base. Meanwhile the 
ring again divides into zones I and I’, with the margins of the former of which 
join bundles from the dorsal (va, va’ in Fig. 24 C), soon after which they form 
again a ring (Photo. 11 D: the ring then divides into two zones and the bundles 
corresponding to v; and v, are segmented at the extremities of the dorsal arc). 

In other instances the topography of the petiolar bundles shows some 
diversities as will now be described, which conditions can be attributed to slight 
modifications of the illustrated example. In some examples, the bundles corres- 
ponding to v and wv’ become entirely zone I’ by twisting and zone II’ is also 
formed in many cases, the two zones frequently being fused end to end form- 
ing either a phloem ring accompanied with a woody part on the upper half 
(Fig. 24G) or a phloem ring surrounded more completely by the woody part 
(Fig. 24 H), or rarely a pair of bundles of the same nature. In such cases, 
zone I consists of merely a fusion of bundles corresponding to vz and va’ which 
issue from a certain height of the petiole. Conditions intermediate between 
these cases and the first are also observed. In these cases, as well as in the 
first one, zone I sometimes becomes continuous with the ends of the dorsal 
arc and forms a ring in which the ventral system from zones I’ and II’ is 
enclosed. However, in all the cases just mentioned, the ventral system trans- 
forms into the first case (cf. Fig. 24 F) at a lower part of the midrib. Rarely, 
the entire absence of zone II’ is also observed. 

All the bundles for the nerves branch out from the margins of the dorsal 
arc, while the ventral system has no direct vascular supply to the nerve bundles, 
but sends out bundles to the dorsal arc after each nerve bundle leaves the 
midrib; that is, the ring of the ventral system temporarily divides into zones 
I and I', when a pair of bundles issues and a bundle branches out from each 
margin of zone I to fuse with the dorsal arc (Fig. 24 C), so that the ventral 
system itself gradually diminishes in size. The phloem fascicules in zone IT 
continues for a fairly short length in the midrib, fusing either with the phloem 
part of zone I’ or ending blindly. 

The histological features are the same as in those of Schizophragma. 
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5. Dichroa 

Shrubs; leaves opposite, simple, penninerved, lanceolate or elliptical, taper- 
ing into bifacial petiole; estipulate. 

Vascular course. In all the species examined, 3 traces nearly equal in 
size enter a leaf from the trilacunar node. A pair of collateral ventral bundles 
form at the petiolar base in the same way as in the case of Platycrater, 
Deinanthe, etc. (cf. Fig. 22 A). The usual condition of the vascular supply to 
the main nerves is shown in Fig. 22 Fc; rarely it is as shown in Fa. 

In D. mollissima and D. febrifuga, three traces fuse into a continuous open 
arc at the petiolar base, and a pair of ventral bundles soon fuses into a single 
large bundle. In D. philippinensis, the dorsal arc also becomes continuous at 
the petiolar base, but there is a pair of ventral bundles that usually does not 
fuse together until it reaches a certain height from the lamina base. In D. 
platyphylla, the dorsal arc consists of from a dozen to twenty separated 
bundles through the petiole and the lower part of the midrib, above which 
they fuse into a continuous arc. A pair of ventral bundles, also does not 
fuse together, but runs along the margins of the dorsal arc, remaining widely 
separate throughout the petiole and midrib. 

Histological features. The woody part usually consists of radial rows of 
5-10 elements; the rays being usually 1-2 cells in breadth. The pericycle 
consists mostly of a few layers of parenchyma in the petiole, while in the 
petiolar top and midrib as well as in the nerves the elements become fairly 
thin-walled and sclerenchymatous in D. philippinensis and D. mollissima, but 
remain parenchymatous in D. platyphylla and D. febrifuga. The layer of paren- 
chymatous starch sheath along the pericycle is rather irregularly arranged. 


Appendix. In the closely related species, Decumaria barbara, an evergreen climbing 
shrub with opposite, petioled, ovate or oblong leaves, according to THOUVENIN (1890), 
3 traces fuse into a continuous arc in the petiole, in the concavity of which a pair of 
ventral bundles forms from the median trace, often consisting only of the phloem part (p. 96). 
The same condition is found in the midrib (p. 98). The pericycle elements are parenchy- 
matous throughout the leaf. Judging from these features this species closely resembles 
Pileostegia in the origin of the ventral system and Dichroa philippinensis in the type of the 
remainder of the vascular system. 


6. Broussaisia 


Small evergreen trees. Leaves simple, penninerved; in B. arguta, opposite 
or rarely whorled (ternate), obovate-oblong or lanceolate, gradually narrowed 
into a thick, bifacial, deeply grooved petiole; in B. pellucida, always ternately 
whorled, similarly shaped, tapering into a flat, relatively short petiole ; estipulate. 
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Vascular course. In B. arguta, the number of traces is usually 5 or 7, rarely 
9 or 11, while intermediate cases of 6, 8, and 10 traces are also found. As 
traces, each curving deeply, enter the petiolar base, and fuse somewhat ab- 
ruptly into an arc after small bundles have issued from every margin except- 
ing those of the median trace and innermost margins of the laterals, the latter, 
when they come in contact, sending towards the ventral a pair of protuber- 
ances pr which continues only for a short distance (Fig. 26 A: a half on the 
right hand is diagrammatically reconstructed). The small bundles soon traverse 
their mother bundles and fuse with the margins of the dorsal arc. At the 
same time, a few small bundles branch out from the outer margin of each 
outermost trace at the very base of the petiole. Thus in the slender part, 
there is a large arc with slightly incurved ends besides a few small bundles 
on its extremities (Photo. 11 E: middle of petiole). 
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26. Broussaisia arguta: A, vascular system of petiolar base, showing a half on 
the right-hand side; B-E (x40), showing manner of departure of several small and 
large nerves. 


The manner of vascular supply to the nerves, which differs from that in 
the closely allied genera, is rather similar to the case of Jtea, Philadelphus, or 
Deutzia (cf. Fig. 19 B, D-G). But in this species, it is observed not only in the 
main nerves on the lamina base, as was the case in the latter genera, but is 
also recapitulated, in many nerves, except in faint veinlets, throughout almost 
the whole length of the midrib. The manner of departure of several nerves 
that follow is shown in Fig. 26 B-E. In the figures, two feeble nerves (na, na) 
issue from the arc margin, while those of median (m) and large (7) size issue 
from the arc, leaving the smaller or larger segment on the arc end. As such 
a bundle detaches from the arc, it closes at first to form a concentric bundle 
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(Photo. 11 F) and, soon after, opens again at that part where it leans nearly at 
a right angle from the part of its closure, after which it returns to a collateral 
position. At the same time the segment soon becomes continuous with the 
dorsal arc. The size of the segment is large in proportion to that of the nerve 
bundle; in other words the nerve bundle is larger, the departing points being 
further from the arc end. This is an interesting fact worth noting. 

In B. pellucida, so far as the present observation goes, the number of traces 
is 5 or rarely 4. They simply fuse margin to margin into a large and flat 
arc without issuing any bundles from their margins. The further vascular 
course, however, is identical with the former species. 

Histological features. In both species the woody part consists of radial 
rows of 5-10 elements, the rays being 1-2 or rarely 3 cells in breadth. From 
5 to 10 layers of the pericycle are parenchymatous in the petiole and sclerenchy- 
matous in the nerves and in a small part on the extremities of the dorsal arc in 
the midrib. A layer of starch sheath along the pericycle is present, its arrange- 
ment being occasionally fairly regular. 


X. Subfam. ESCALLONIOIDEZE 
l. Corokia and Carpodetus 


Evergreen shrubs. Leaves alternate, simple, penninerved, lanceolate or 
linear-lanceolate in Corokia buddleioides, ovate-oblong or elliptical in Carpodetus 
serratus; petioles fairly short, bifacial ; estipulate: 

Vascular course. In both species, 3 traces, a median and slightly smaller 
laterals, are fused together, approaching very gradually into a widely open arc; 
in Carpodetus a pair of small bundles issue from the outer margins of the 
laterals before or after they fuse with the median (Photo. 12 A, C : middle of 
petiole of Corokia and Carpodetus respectively). All the nerves, upon entering 
the lamina, branch out from the margins of the arc. 

Histological features. In both species the woody part consists of radial 
rows (10-15 elements in a row); the rays being 1-2 cells in breadth. The 
pericycle consists of 2-4 layers, parenchymatous at first, while the sclerenchym 
appears on the extremities of the arc slightly above the petiolar middle : after 
which they gradually increase in number towards the median of the arc. In 
the midrib they completely guard the dorsal side of the bundle, there being 
also abundant of somewhat large sclerenchyms on the protoxylem side (Photo. 
12B: midrib of Corokia). A layer of starch sheath without Casparian strips 
is present along the dorsal side of the bundle, its arrangement being fairly 
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Photo. 11. A, B, Schizophragma hydrangeoides: A (x15), middle of petiole; B 
(x50), ventral system of a large leaf. C, D, Pileostegia viburnoides var. parviflora: 
C (x20), middle of petiole; D (x50), details of stele of petiole in Photo. C. E,F, 
Broussaisia arguta: E (x10), middle of petiole; F ( x80), an extremity of dorsal arc 
of midrib, showing departure of nerves. 
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Photo. 12. A, B, (x40), Corokia buddleioides: A, middle of petiole; B, midrib. 
C (x40), Carpodetus serratus: middle of petiole. D, E, (x30), Quintinia serrata: D, 
middle of petiole; E, midrib. F, G (x40), Escallonia rubra: F, middle of petiole; 
G, midrib. 
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regular in Corokia, while rather irregular in Carpodelus ; in the latter we oc- 
casionally find calcium oxalate druses. 


Appendix. According to THOUVENIN (1890, p. 112), the same vascular course and 
histological features seem to be found in Anopterus glandulosa (Tr. Anopterez), and Polyosma 
mutabilis described by MORVILLEZ (1918, p. 556) seems also to be a like case. 


2. Quintinia 


Q. serrata. A small evergreen tree. Leaves alternate, penninerved, obovate 
or obovate-oblong or elliptic-oblong, narrowed into a relatively short bifacial 
petiole ; estipulate. 

Vascular course. Trilacunar. A large median and smaller laterals, each 
curving deeply, gradually approach and fuse with each other to form a deeply 
curved dorsal arc, when there forms on the arc chord a pair of fairly pro- 
minent large inversely orientated bundles that come from both margins of 
the median and inner margin of each lateral, which, however, soon fuse with 
each end of the dorsal arc after a small bundle leaves each margin. Thus in 
the slender part of the petiole, there are seen an arc with large infolding arms 
and a pair of small separated bundles (Photo. 12 D: middle of petiole). Upon 
entering the midrib, the separated bundles become the lowest pair of nerves; 
when the lateral nerves on the next height above then issue, the infolding arm 
being detached. A large part of the vascular supply comes from the end of 
the dorsal arc, and a small bundle that branches out from the end of the arm 
adjoining the margin of dorsal arc adds to the inner margin of the former 
(Photo. 12 E). 

THOUVENIN (1980, p. 122) gave almost the same description of Q. Sieberi. 
According to him, however, 3 traces form a deeply curved arc without issuing 
a pair of bundles at the base, but the infolding arms form in such a way, both 
extremities of the deeply curved arc “ne tardent pas à s'infléchir l'une vers 
l'autre, sans toutefois se toucher, et à pénétrer dans la concavité formée par le 
faisceau médian." 

The histological features are the same as in Corokia or Carpodetus. The 
pericycle is usually of 3-5 layers; the sclerenchym on the dorsal arc becomes 
entirely continuous in the midrib. Abundant sclerenchym is also found at the 
middle or slightly below the middle in that region between the infolding arms. 


Appendix. In Abrophyllum ornans (Tr. Cuttsiez), according to THOUVENIN (1890, p. 
113), the 3 traces fuse at first into a deeply curved arc after a pair of small bundles issue 
from the outer margins of the laterals. Before they enter the lamina, both extremities 
of the arc infold and detach as a pair of bundles that fuse with each other and form a 


290 S. WATARI 


single ventral bnndle after they enter the midrib. The pericycle is parenchymatous through- 
out the whole system. 


3. Escallonia 


E. rubra. An evergreen shrub. Leaves alternate, simple, obovate-lanceo- 
late, tapering into short bifacial petiole; estipulate. 

Vascular course. A single trace issues from the node. The bundle in the 
petiole or the midrib has the form of a slightly curved arc (Photo. 12 F: middle 
of petiole). All nerves issue marginally (Photo. 12 G : midrib). 

Histological features. The woody part also consists of radial rows of 6-10 
elements. The ray is 1 or rarely 2 cells in breadth; the pericycle is usually 
of 2-4 layers and parenchymatous throughout the whole vascular system. A 
layer of starch sheath that is present along the dorsal side of the bundle 
contains tanniferous substances, its arrangement being rather irregular; with- 
out any Casparian strips. 

Several species of this genus have been studied by Petir (1887, p. 103, 
Pl. V, Fig. 25, E. floribunda), 'THouvENIN (1890, p. 122, E. viscosa, E. rubra, 
E. floribunda, E. illinita, E. punctata, E. macrantha), and MoRvILLEZ (1918, p. 
556, Escallonia sp.) According to the first two authors the foliar trace is 
single, while MonviLLEZz alone mentions three traces. "THOUVENIN states that 
the pericycle in these species (incl. E. rubra!) is parenchymatous in the petiole 
and sclerenchymatous in the lamina, excepting E. punctata and E. macrantha, 
in which it is parenchymatous throughout the whole system. 


Appendix. There is an interesting species Phyllonoma ruscifolium (Sf. Phyllonomoidez) 
which could not be included in the present study. In this species, the peduncle of flowers 
fuses for a long distance along the midrib of a leaf just as in the case of Helwingia japonica 
WILLD. (Fam. Cornacez). According to THOUVENIN (1890, pp. 125-126, pl. XX, Figs. 1-8), 
there is a single trace at the node. In leaves without flowers, the traces run through the 
petiole and midrib in the form of a widely opened arc. In leaves bearing flowers, however, 
the trace soon curves and closes, forming a continuous ring at the base of the petiole; the 
ring divide soon after it enters the midrib into a widely opened arc on the dorsal and a 
ventral deeply curved arc, its opening facing the dorsal arc. Soon the ventral arc closes 
and forms a ring which supplies exclusively to the foliar organs. This fact seems to be 
very important in cases in which the branch traces are fused for a certain distance along 
the foliar trace, namely, certain Saxifraga, Chrysosplenium, Vahlia, and especially the so- 
called sessile leaves of Parnassia. 
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II. Conclusions 


The Saxifragaceze comprise a large number of plants that exhibit wide 
diversities in their external morphological features, such as leaf arrangement, 
leaf form, nervature, form of the petiole, etc. as well as in their habits, many 
such features being used as important points for systematic purposes. We see 
also various kinds of vascular courses and various histological features of the 
vascular bundles. These external morphological and anatomical features that 
are exhibited by each systematic group have been described in detail in the 
foregoing pages. We shall next consider the types of vascular course and their 
histological features, their distribution among the family, their mutual relation- 
ships, and the correlations between certain external morphological and anato- 
mical features. 


A. Vascular systems 
a. The nodal region 


1. The number of foliar gaps and traces (cf. column Lg in Tab. ID. 
According to SiNNoTT (1914), most of this family are of the trilacunar type, the 
multilacunar type being restricted to certain species of Astilbe, Hydrangea, and 
Schizophragma?, no species of unilacunar type having been used by him as 
examples. As he says, the trilacunar type prevails in the family. We find, 
however, as already noticed by previous investigators (THOUVENIN, LEIST, etc.), 
that the examples of unilacunar and multilacunar types also reach to a con- 
siderable number. Of the subfamilies treated, Penthoroideae, Parnassioideze, and 
Baueroideze always show themselves to be of unilacunar type”; Pteroste- 
monoidez, Iteoidez, and Brexioideze are always of trilacunar type, while in 
the remaining four subfamilies, viz. Saxifragoideze, Kirengeshomoidez, Hydran- 
geoidez, and Escallonioidez, only two or three types in all are found in one 
and the same subfamily. In the latter three, however, it may be said that 
the trilacunar type is dominant; in Kirengeshomoideze the multilacunar type: 
occurs rather rarely. Although there are many genera in Hydrangeoideze, they 
are usually of trilacunar type, excepting only two genera that are of multi- 


1) Although in the course of my present study, I have carefully examined a large 
number of leaves (cf. introduction, p. 197, and p. 279), I have met with only the trilacunar 
type in this genus. 

2) Phyllonomoidez is of this type ((THOUVENIN, 1890). 
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lacunar type» (a few species of Hydrangea and the whole of Broussaisia); 
in Escallonioidex”, only a single genus (Escallonia) is of unilacunar type. We 
found all the lacunar types only in Saxifragoideze. It can be said, however, 
that the species from one and the same genus usually show the same lacunar 
type, and that the closely allied genera are usually of the same lacunar type. 
Among the treated genera, Chrysosplenium alone is constantly of unilacunar 
type», while the trilacunar type is found in-several genera, viz. Tiarella and 
its allies, and Ribes, the entire genera of Str. Saxifragoidea (Oresitrope— 
Boykinia)? and Francoa being always, or very frequently, of multilacunar type. 
As an instance of which the various lacunar types are mingle in one and the 
same genus, we can point only to a single genus—Saxifraga. As Leist (1890) 
and THOUVENIN (1890) have shown, many species belonging to various sections 
are of unilacunar type, only a single trace issuing forth. But in most species 
of 4 Boraphyla, two or more traces are derived from a single gap, consisting 
of either a median and one or two pairs of laterals (S. japonica, S. integrifolia, 
etc.) or, only of one or two pairs of laterals (S. fusca var. Kikubuki and var. 
divaricata, S. reniformis). According to Lgrsr (1890) and Ripper (1914), the 
latter case is found in several intimate species of 2Miscopetalum?. More- 
over, in 2 Diptera, there are species that are of trilacunar and multilacunar 
types; in most cases the two types are often found even in one and the 
same individual. 

Usually, the unilacunar type is very stable, the trilacunar type, as a rule, 
being also highly stable. In fact, so far as concerns the normal leaves in 
one and the same species, we can point to no instance wherein the trilacunar 
type changes into an unilacunar type. The condition in which two or more 
traces issue from a single gap in some species of Saxifraga-2 Boraphyla may, 
however, be regarded as a condition intermediate between the unilacunar and 
the trilacunar types. On the other hand, there are species, although only few, 
which usually show the trilacunar type; but when the plants or leaves become 
vigorous, they tend to change into the multilacunar type (e.g. Tanakea; certain 
Saxifraga- Diptera; Kirengeshoma, Fig. 20C,D). In the multilacunar type, 


1) Besides the genera treated, Jamesia and Decumaria are also of trilacunar type 
(THOUVENIN, 1890). 

2) Polyosma are also of trilacunar type (MORVILLEZ, 1918). 

3) According to THOUVENIN (1890), Zahlbrucknera and Vahlia belong to this type. 

4) Peltiphyllum, which is closely allied to Peltoboykinia, is also characterized by numerous 
traces and gaps (LEIST, 1890). 

5) See foot note 1) on p. 233. 
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there is a general tendency for the number of traces to be variable. Of these, 
in those that show a relatively small number of traces, the extent to which 
their number varies is naturally limited, and, according to the size of the leaves, 
shoots or branches, they become smaller or weaker, and tend to change into 
the trilacunar type (e. g. certain Hydrangea), while in those that show a larger 
number of gaps the changes become progressively great, Astilboides being an 
example of the extreme case (20-50 or more) There is a general tendency in 
species of multilacunar type for the lateral traces on one side and the other 
to differ, such difference being especially prominent in Astilboides, Aceriphyllum, 
and Bergenia, followed by Rodgersia, Leptarrhena, Tanakea, Peltoboykinia, 
and Neoboykinia. In plants of multilacunar type, the petioles are usually pro- 
vided with a broad or sheathing base. In those showing an asymmetric number 
of lateral traces, the asymmetric construction of their petiolar bases is often 
clearly seen in its external morphology (Fig. 2 A). 

2. Special situation of the branch trace. There are certain interesting 
facts that must be noted in connexion with the relation between the foliar 
traces and branch traces. Phyllonoma ruscifolium has been known as an 
example showing that special feature wherein the leaves bear the flowers on 
the middle part of the lamina (as in Helwingia japonica). Anatomically, it 
was shown by THOUVENIN (1890) that in the flowering leaves the traces for 
the flowering branch are fused with the foliar bundle as far as the middle 
part of the midrib (cf. p. 291). In the present study, I found from the vascular 
course that the so-called sessile leaf on the scape of Parnassia is merely in 
appearance, and that actually it is a leaf provided with a petiole to which the 
flowering branch is fused as far as the petiolar top (pseudo-sessile, cf. p. 251, 
Fig. 18 A-F). Consequently the flowering branch is an axillary organ of the 
so-called sessile leaf. This condition is similar to the case of PAyllonoma. In 
a certain number of species of Saxifraga (cf. p. 234 and foot note 2) p. 234), 
Chrysosplenium (cf. p. 240 and Fig. 15 A-C) and Vahlia (THouveENtn, 1890, cf. 
p. 240), the branch traces tend to fuse for a short distance with the foliar 
trace, but this condition in its external morphology is difficult to discern. 

3. Stipules and stipular traces. Subfamilies, including those species that 
are provided with stipules are found in Saxifragoideze, Pterostemonoidez, and 
Iteoidez. In the latter two, the stipules are small, caducus, and attached to 
the very base of the petiole or stem, while in the former, they are usually 
somewhat large and exhibit marginal extension of the sheathing base. These 
stipules are either (a) situated apart or closely approaching one another, or (b) 
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coming so near to their inner margins as to be almost or exactly on the ventral 
median line of the petiole, or (c) fusing with each other with their inner margins 
to various degrees to form a bilobed or spatulate axillary stipule. The first 
case (a) is found in Astilbe (in most species), Tanakwa, Neoboykinia, Boykinia, 
Tiarella, and Heuchera; (b) in Astilboides (Fig. 2 A), Oresitrope, Peltoboykinia, 
Tolmiea, Mitella (M. japonica, M. ovalis, etc), and (c) typically in certain 
Mitella (M. pauciflora, M. stylosa), while three of these types in Saxifraga 
sendaica and the latter two types in Bergenia and certain Astilbe (A. mip- 
ponicum) are found in one and the same species. These stipules on the sheath 
margins are usually membraneous, but in Neoboykinia and Boykinia they are 
usually foliaceous in leaves on erect stems. 

The vascular supply to the stipules is, however, found only in AsZ/boides, 
Bergenia, Boykinia, Neoboykinia, and Itea-2 Deciduze. Usually they are supplied : 
by a single or a few fascicules that branch from the outer margins of the 
outermost lateral traces, but in AsZboides, the few outermost traces supply 
the veinlets of the stipules only and the outermost of those traces enter the 
petiole, also sending out many stipular fascicules one after the other (cf. pp. 
209-211, Fig. 2 C). 


b. Types of vascular system, their distribution and relationships 


As stated in Part I, there are many kinds of vascular systems, very simple 
in some species and very complicated in others. They can be divided into the 
following seven types according to the relative position of the bundles derived 
from the original foliar traces, the form of those bundles, the formation of the 
ventral and medullary systems, and the manner of formation of the nerve bundle. 

Type I. A number of bundles that may have originated from either a 
single or a number of traces, either remain separate or are fused into a single 
piece, or undergo some connections and are disposed in an arc or ring, but 
the relative position of the original traces is not changed; all nerve bundles 
issuing from the arc extremities. Usually the ventral system is not formed, 
but if present, as in the case of certain Ribes, it is derived from the extremi- 
ties of the arc. 

Species belonging to the following genera show this type, namely, Pen- 
thorum ; Leptarrhena (Fig. 5 A), Tanakea (Fig. 5 B, C), Boykinia (occasionally), 
Neoboykinia (occasionally) (Fig. 7 D), Saxifraga (Fig. 12, 13; excepting 2 Diptera), 
Tiarella, Heuchera, Tolmiea, Mitella, Tellima, Chrysosplenium, Francoa (oc- 
casionally), Ribes; Plerostemon ; Itea (constantly in 2 Decidue, Fig. 19 A; rarely 
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in @Sempervirentes); Zxerba (occasionally); Bauera; Carpenteria, Whipplea, 


Philadelphus (occasionally), Deutzia (occasionally), Platycrater (rarely), Deinathe 
(very rarely), Cardiandra (rarely), Hydrangea (constanly in H. luteo-venosa, 
Fig. 22 B, rarely in a certain number of the other species); Corokia, Carpo- 
detus, and Escallonia. 

Type II. Although as a rule the traces sooner or later fuse margin to 
margin into a single arc, the nerve bundles issue forth, each leaving a small 
or sometimes a relatively large segment of the arc end. This manner of 
formation of the nerve bundle is restricted, however, to a single or a few pairs 
of lower nerves in some species, while it is repeated in a larger number of 
nerves in others. In any case, the lowest single or couple of pairs are often 
supplied by a pair of small bundles that come from the arc extremities, 
frequently branching off at the very base of the petiole. Species of the 
following genera are of this type, viz. usually in Jfea-2Sempervirentes (Fig. 
19 B, D-H), Philadelphus, Deutzia, frequently in Ixerba, and always in Brous- 
saisia pellucida. 

Type III. Sooner or later the traces fuse into an arc, but, preceding their 
fusion, a number of bundles are sent out towards the ventral at the petiolar 
base, usually from the margins of the lateral traces and sometimes also from 
the median trace, fusing soon with the arc margins to form an arc with 
slightly or marked incurved ends. The manner of formation of the nerve 
bundle is the same as that in type JI, which type is observed occasionally in 
Itea-2 Sempervirentes (Fig. 19 C), Philadelphus, Deutzia, frequently in Zxerba, 
and always in Broussaisia arguta and Quintinia. 

Type IV. Although usually a number of bundles issue from the petiolar 
base toward the ventral as in the case of type IM, the bundles derived from 
the median trace are usually more vigorous than those from the laterals. 
'These bundles either fuse into a single piece, or anastomose with each other 
or remain separate and form a number of ventral bundles; often the ventral 
system is complex; sometimes such complex bundles issue not only from the 
petiolar base but also along a certain length of the petiole. After these bundles 
come out, the traces form either a single large continuous dorsal arc by their 
fusion or an arc of separated collateral bundles, or rarely the arc closes and 
forms a ring. When the nerve bundles come out, a vascular supply usually 
comes from both the dorsal arc and the ventral system. The bundles derived 
from the ventral system do not always behave alike; they are usually com- 
plicated in proportion to the complexity of the structure of the ventral system. 
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This type is again subdivided into several cases according to the structure of 
the ventral system. 

(1) A single or separated ventral bundles are arranged on the chord of 
the dorsal arc so that their xylems face that of the-dorsal arc, that is to say, 
in the ventral system, which consists only of zone I, occasionally the woody 
part is very small in quantity or altogether undeveloped. This type is always 
observed in Dichroa, almost always in Platycrater, Deinanthe, Cardiandra, fre- 
quently in Hydrangea (always in some species) and occasionally in Philadel- 
phus and Deutzia. 

(2) Every trace becomes a form of ringlet and fuses side to side into a 
continuous ring, so that the ventral part of the ring corresponds to zone I of 
the ventral system. When the nerve bundles issue, the dorsal arc and the 
ventral system, as a matter of fact, become clear and distinguishable again. 
This type is observed only in Roussea. 

(3) The ventral system consists of more than two zones. 

(Ò Usually each of the two components of the ventral system from the 
neighbouring margins of the different traces fuse together at first into a con- 
centric bundle with the inner phloem, so that a pair of such bundles forms in 
the case of three traces, two pairs in the case of five traces, etc. They consist 
sometimes of a phloem ringlet with woody parts that either develop only on 
the dorsal side of the ringlet, i. e. on the side facing the dorsal arc, or nearly 
or completely surround the ringlet. 'They are fused side to side and form a 
ventral system, two zones of which are usually fused end to end into a flattened 
ring. The woody part of zone II is either altogether lacking and consists merely 
of intermittent phloem fascicules, or developes in various degrees; occasionally 
it developes all round in a sort of a continuous ring. Sometimes the zones 
multiply towards the ventral in the midrib, the zones rarely numbering five 
and showing alternately inverse orientation. This type is frequently found in 
Hydrangea and Schizophragma. Kirengeshoma may also be placed in this 
category, although the ventral system is not formed at the base, but at a 
relatively higher part of the petiole. 

(i) The ventral system is formed at first in the same way as in case (1) 
or (3-2); the zones toward the ventral are, however, unformed or, if present, 
consist only of a zone of intermittent phloem fascicules, although it multiplies 
towards the dorsal. Such a case is constantly observed in Pileostegia and 
occasionally in Schizophragma. 


Type V. At the petiolar base, a vascular ring forms, provided with a 
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ventral system that originated as in the case of type 7/7; at the petiolar top 
some bundles invaginate from various parts of the vascular ring and become 
medullary, their invagination and further fusion, anastomosing, or twisting 
frequently, resulting in a concentric structure with the outer or, rarely, inner 
xylem, this formation of the medullary system being repeated at each junction 
of the lateral ramifications. Every species of Astilbe is of this type (Fig. 1). 

Type VI. At the petiolar base, branches of the traces or occasionally the 
whole of a certain number of traces migrate towards the ventral, and after 
undergoing some complicated anastomosing, division, fusion, and twisting, the 
greater part of them usually form the medullary system, the remaining parts 
finding their way into various parts of the outer ring or arc consisting of 
separated collateral bundles, so that the relative position of the original traces 
changes. The medullary bundles, if not disposed irregularly throughout the 
whole course, change their arrangement at a certain height into an arc or a 
single or a few concentric rings, the bundles on the ring or arc usually show- 
ing the same orientation as that of the outer ring or arc. Several closely allied 
genera, viz. Astilboides (Figs. 2, 3; Photo. 2A), Rodgersia (Fig. 4; Photo. 2D), 
Aceriphyllum (Fig. 6 A-G; Photo. 3B), Oresitrope (Fig. 6H), Bergenia (Fig. 
61,J), and Peltoboykinia (Fig. 7A,B; Photo. 3C,D) belong to this type. 
Although the vascular system of Francoa is comparatively simpler than in the 
foregoing species, in view of the pair of traces that migrate toward the ventral 
(L,, L,' in Fig. 16), it seems to be present in many cases in this type. 

Type VII. As soon as the traces depart from the stem cylinder, they all 
become deeply curved or become a concentric bundle that usually passes through 
the whole slender part. At the petiolar top, in contrast to some cases of type 
I, they do not fuse or connect margin to margin after each of them changes 
itself into a collateral, but they fuse side to side or connect with one another 
by the branches that depart from the lateral side of the concentric bundle, 
often resulting in a somewhat complicated medullary or ventral system. Neo- 
boykinia (frequently) (Fig. 7), Boykinia (frequently), Saxifraga-? Diptera (Fig. 
9, 10), and Parnassia belong to this type. 

Considering the distribution of these seven types among ten subfamilies, 
as may easily be recognized from Table II (column Tvs), it is interesting to 
note that type J prevails in all the subfamilies excepting Parnassioideze and 
Kirengeshomoidez, while types ZIV and V-VII show good contrast in their 
distribution in that the former prevails in the subfamilies Iteoidez to Escalloni- 
oideze and the latter in Saxifragoidea and Parnassioidez. 
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Although the construction of the vascular system of (type Iis very simple, 
we can see that this simplicity is related not only to a certain single type, but 
also to a larger number of other types. In other words, every type that shows 
a different degree of complicated construction compared with type 7 eventually 
reaches type J if there is a retrogression in their construction. This conclu- 
sion seems to be confirmed by the fact that such groups as subfamilies, 
tribes, and genera, which usually show other somewhat complicated vascular 
systems, often contain a representative of type J, and that even in one and 
the same species that is usually characterized by other complicated types, the 
vascular system tends to change into type 7 when the leaves become reduced 
in size, although such change occurs very readily or very tardily according to 
the character of the species. When we consider the bracts or very reduced 
leaves, such as those situated on the very base of the stem or just below the in- 
florescens, although these leaves have been omitted from the foregoing descrip- 
tions, we found almost always a vascular system that could only be classified 
under type Z, whence it will be sufficient if we consider type J as an ex- 
tremely retrocessed condition of various complicated vascular systems, so that 
we.can easily understand this type appearing here and there in a number of 
species that are placed systematically in affinities quite remote ; in other words, 
this type prevails throughout the family. It is, therefore, very unsafe to dis- 
cuss the relationship of species, genera etc. that show features of type J, based 
merely on identity in construction of the vascular system. To avoid extremes 
in our conclusions, it is necessary to examine with great caution the types of 
the vascular system as well as the other histological and external morphological 
features of allied species, genera, etc. Such relations between type 7 and other 
types will clearly be recognized in the following paragraphs. 

The complexity of the vascular system may be put down to the following 
three conditions, which are, however, also intimately related to one another, 
that is, the complexity at the extremities of the dorsal arc when the nerve 
bundles come out, the formation of the ventral system at the petiolar base, 
and the formation of the medullary system. 

In type JI, the complexity arises only when the nerve bundles issue forth, 
that is, bundles are present on arc margins that show special behaviour, these 
being often designated by x or x' in the foregoing descriptions (e. g. Fig. 
19B,F,G). Comparing the relations between the behaviour of these bundles 
with that of the ventral system in the following types, it seems appropriate 
that we regard the former as a special situation of, or as a part that is ana- 
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logous to, the latter, in which such a part is present on the margin of the 
stele in a fused or latent condition, but which activates when the nerve bundles 
issue forth. When the part is altogether undeveloped or when it is only 
partially developed, the system shows not type I, but type 7. Such a change 
between the two types is frequently found in species of /fea, Ixerba, and 
Deutzia. 

In the next type, II, the ventral system actually forms only at the petiolar 
base, but the components of the ventral system mostly issue from the lateral 
traces and fuse with the margins of the stele, emerging again when the nerves 
issue as in the case of type II. fea, Philadelphus, Deutzia, and Broussaisia, 
which usually show the features of type //, frequently show those of type 7/7 
when the vascular system tends to be complex. In Philadelphus, Deutzia, 
especially in Quintinia, the parts derived from the ventral system at the petiolar 
base frequently form prominent incurved ends or arms of the dorsal arc in 
the petiole and midrib, showing an approach to the next type IV. In the 
former two genera, the ventral system, in fact, sometimes continues throughout 
the petiole and midrib. 

As to the case in which the ventral system is found throughout the whole 
course, the components either originate equally from the lateral and the median 
traces, or chiefly from the median, or only from the median (e. g. usually in 
Pileostegia) The ventral system, in comparatively simple cases, consists only 
of a single zone, i.e. zone I (type 7V—1, 2), while in others some complications 
in zones occur towards either the ventral (type 7V-3-7) or the dorsal (type 
IV-3-ii) The manner of formation of the nerve bundle becomes proportionally 
complex or otherwise in accordance with these conditions. In Hydrangea, 
Schizophragma, etc., all these subdivisions of type are found in one and the 
same genus or species. In certain Hydrangea, on the other hand, the ventral 
system is often reduced in size or entirely absent and showing no relation 
whatsoever to the nerve bundles, so that the vascular system is of type if 
Moreover, in Dichroa platyphylla, a pair of ventral bundles, each of which runs 
through the petiole and midrib along each margin of the dorsal arc, shows an 
intimate relationship between types JV and a certain case of /// that is in- 
variably found in Quintinia, sometimes also in Philadelphus and Deutzia. 

In that case in which the medullary system forms, there are two types; 
either there forms at first a vascular ring so that its ventral part is occupied 
by the ventral system, and the medullary system is formed by the invagination 
at each junction of the lateral ramifications (type V), or a complicated medul- 
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lary system is formed at the petiolar base, a part of the components of the 
medullary system sometimes migrating to the ventral part of the outer ring 
(type VI). From all this, it may be said that the type V is a type that shows 
a close relation partly to type IV and partly to type VI. The contact of type 
VI and J is seen in Francoa (cf. p. 240 sqq.). 

Lastly, although type VII is of special structure in the bundle, it seems 
to be a special type that is intimately related’ partly to type VJ, judging from 
the behaviour of the bundles that issue towards the ventral in a certain species 
(S. Fortunei, S. sendaica, etc.), and partly to type I (e. g. Boykinia, Neoboykinia). 

It will easily be seen from the foregoing description that these types, in- 
stead of being independent, have some delicate and intimate mutual relation- 
ships with one another, there being in fact a certain number of conditions 
that are often difficult to determine in which type they should be placed. 

As MORVILLEZ (1919, p. 558) has said, we can find among Leguminosze and 
Rosacee many examples of vascular systems that are either identical with or 
are intimately related to the present family, while on the other hand, we can 
see many delicate connexions between the various types of these families by 
carefully studying and examining the intermediate conditions between them. 
However, as to the question, in what part of the entire families of dicotyledonous 
plants these types occupy and in what ways they exhibit relationships to the 
remaining types, we cannot, much to our regret, discuss here with any high 
degree of confidence, owing to scantiness of precise studies dealing primarily 
with the vascular course of the foliar organ of every systematic group; the 
studies we have met with so far being only of a number of families, such as 
Leguminosa, Rosaceze, Euphorbiacez, etc. (vide Introduction). 


c. Vascular systems and external morphology of the petioles 


l. Bifacial and unifacial structure of the petioles. The structure of the 
petioles of the saxifragaceous species is bifacial, subunifacial, or unifacial (cf. 
WATARI, 1936, p. 59 sqq.) As may be easily recognized from the column pt 
in Table II in which these types are designated by bi, su, Us respectively, 
the first type prevails most in the family, viz. the whole of Sf. Penthoroideze, 
Parnassioideze, Pterostemonoidez, and some genera of Saxifragoideze (Tanakea, 
Leptarrhena, Neoboykinia, Boykinia, Chrysosplenium, Francoa) Of the last 
named subfamily, Saxifraga (excepting 2 Diptera) and a certain number of 
closely allied species of Ribes (cf. Tab. I, bi in the column pt) are also of this 
type. The subunifacial type is found only in two genera of Sf. Saxifragoidez, 
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i.e. Astilbe (only in A. glabrerrima) and certain allied species of Ribes (cf. 
Tab. I, su). The last type, the unifacial, is also restricted to Sf. Saxifragoideze 
and Kirengeshomoidea, but the genera that show that they are of this type 
reach a considerable number. The following three cases belong to this type. 

(1) The margins of the petiole run up and gradually approach in the 
slender part, when eventually the petiole becomes unifacial in structure at a 
higher level or near the petiolar top. Sometimes the margins in their approach 
become faint as the petiole becomes cylindrical. The lamina margins, if 
any, start from a point on the ventral median line at the petiolar top (u, in 
Tab. ID. Most of Saxifraga- Diptera, Tiarella, and certain Ribes (cf. Tab. I, 
u, in the column pt) belong in this category. 

(2) At the petiolar base, the margins of the petiole converge somewhat 
abruptly and meet on the ventral median line; the unifacial structure thus 
formed continues along the whole slender part of the petiole; at the top, the 
lamina margins arise from a point on the ventral median line. This condition 
is more clearly recognized when stipules are present and when their inner 
margins meet exactly on the ventral median line, or fuse with one another 
and form an axillary stipule, or when the lamina is peltate (u, in Tab. ID. 
Species from the following genera may be classed in this category, viz. Astilbe 
(most species), Astilboides, Rodgersia, Oresitrope, Bergenia, Peltoboykinia, Saxi- 
fraga- Diptera (frequently in S. sendaica), Heuchera, Tolmiea, Mitella, and 
some Ribes (cf. Tab. I, u, in column pt) Kirengeshoma, the only example 
that does not belong to the Sf. Saxifragoideze, is also of this type. 

(3) At the petiolar base, the margins converge to the ventral median line 
and the structure becomes unifacial, but the margins again diverge and become 
subunifacial (u, in Tab. ID. This type is found in a certain number of Astilbe 
(A. nipponicum, A. japonicum, A. macrophylla). 

2. Relation of the petiolar structure to the vascular systems. The problems 
of the unifacial and bifacial structure of the petioles have been dealt with by 
TROLL (1932, a, b, 1933, etc.) who stressed the importance of the difference in 
these two kinds of structure on their vascular systems. His conclusions may 
be summarized as follows, namely, that the two extreme ends of the outer- 
most traces are separated from each other in proportion to the extent to 
which the ventral surface of the petiole has developed. Finally the unifacial 
petiole, in which the ventral surface is altogether suppressed, not infrequently 
fuses and forms a single bundle on the ventral median part of the stele 
(Ventralmedianus). He mentions, on the other hand, the case of a certain 
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species of Aesculus, etc., in which the stele has a ring form, notwithstanding 
that it is a typical bifacial stele in that the ventral part of the vascular ring 
is not derived from a fusion of the outer ends of the original outermost traces, 
but is derived from the bundles that originated from the other parts of the 
traces at the petiolar base (1933, p. 553). I found, however, in the petioles of 
species of Acer that the vascular system is similar to the case of Aesculus, 
notwithstanding that in some species they exhibit external morphologically a 
conspicuous bifacial structure, while in others, they exhibit a unifacial structure. 
I therefore concluded that in Acer the characteristic features of the vascular 
system in connexion with the unifacial and the bifacial structures are difficult 
to trace. In the present study of the Saxifragaceze, we meet again with a 
number of noteworthy facts in connexion with the relation between the ex- 
ternal morphological features and the vascular systems in thé petioles. 

As was summarized in the preceding article, many species are provided 
with unifacial petioles. Of them, in some genera, such as Rodgersia (Fig. 4 A), 
Bergenia (Fig. 6 D, Kirengeshoma (Fig. 20 E), the relationships agree exactly with 
'TRoLUs idea. Among the genera Tiarella and its allies, we have examples 
supporting his idea that the stele gradually changes into a ring by fusion of 
the extreme ends of the outermost traces in accordance with the bifacial 
structure at the petiolar base, as they gradually approach the margins, into 
an unifacial structure at the petiolar top (Tiarella and Heuchera). Yet there 
are some species in which, notwithstanding that their petioles are external 
morphologically unifacial throughout the slender part, the stele either closes 
itself into a ring at the petiolar top only (Tolmiea, Mitella pauciflora, M. ovalis, 
Tellima) or, instead of closing, retains the condition of an open arc even at the 
petiolar top (Mitella japonica, M. Yoshinage, M. stylosa ; occasionally in Heuchera 
and Tolmiea) In Ribes, all kinds of petiolar structure are found in one and 
the same genus, and usually the degree of closure of the stele in the petiole 
is either exactly proportional to the degree of suppression of the ventral surface 
or it precedes the latter, that is, both extremities of the stele frequently fuse, or 
nearly fuse, with each other when the petiole is still not of unifacial structure 
but remains subunifacial or bifacial. The case identical with Mitella japonica, 
etc., just mentioned, refers only to a species of R. cereum (cf. p. 249 and 
Tab. I, p. 247). In Astilboides and Peltoboykinia, the unifaciality of the whole 
slender part of the petioles is easily recognized by the way in which the sheath 
margins and the peltate lamina converge. In Astilboides, a small ventral part 
of the outer ring of the petiolar stele is occupied not by a pair of the original 
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outermost traces from among those that enter the petiole, but by the branches 
of some other traces in the leaves (cf. p. 212, and Fig. 2 B and Fig. 3 A), while 
in other examples, a pair of lateral traces that supplies a number of stipular 
traces are fused into a single bundle on the ventral median part of the ring. In 
Peltoboykinia, the ventral part of the outer ring between the original outer- 
most traces reaches to a considerable size (Fig. 7 A, B). Ovesitrope also exhibits 
the.same features (Fig. 6H). In Astilbe, the ventral part derived in the same 
manner usually developes much more vigorously than in the cases of Astilboides 
and Peltoboykinia (e. g. Fig. 1A, B). In the species of Saxifraga-2 Diptera, whose 
petioles are unifacial, at any rate at the petiolar top, and in which although 
the bundles in the petiole take have each a concentric structure, they are 
usually arranged, as a whole, in an open arc even at the petiolar top, and 
when there is a ventral system, it does not come from the extremities of 
the outermost traces (e.g. S. Foríunei, S. sendaica, Fig. 10) It will thus 
be seen that the ventral part of the stele in these species shows, at the 
time of its origin, that it is identical with that of Aesculus, as in the case 
of Acer. 

Lastly there is a fact that must be noted from another point of view. 
In the peltate lamina of AsZ/boides, a small nerve, exactly opposite to the 
median nerve, occasionally forms. Such a nerve is often continuous downward, 
not to the outer margins of the outermost traces, but to the ventral system that 
is derived in the manner just mentioned. Identical cases are frequently found 
in the outermost pair of the nerves in Astilbe simplicifolia (Fig. 1G) and in a 
single or sometimes in a few pairs of the outer nerves in Saxifraga Fortunei 
(Fig. 9 E) or especially in S. sendaica (Fig. 10 B). 

In leaves characterized by subunifacial or bifacial petioles, the stele usually 
consists of a single dorsal arc or both dorsal arc and ventral system. In every 
case the original outer margins of the outermost traces usually correspond 
to the extremities of the arc. We see, however, that there are also certain 
exceptional cases, although relatively few, viz. Saxifraga-? Nephrophyllum (S. 
cernua, S. bracteata), Chrysosplenium- Alternifolium (C. japonicum, etc). In 
these plants, the stele closes into concentric or almost concentric throughout 
the whole slender part of the petiole notwithstanding that external morpho- 
logically there is little doubt of their bifaciality. 

'Thus, as described above, the relation between the external morphology 
and the vascular system of the petiole in the present family is in agreement 
with TROLL’s idea in various groups, although we obtain many results that 
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contradict his idea, the contradictions being much more diverse than in the 


case of Acer. 


B. Histological features 
a. The woody part 


The arrangement of the elements of the primary xylem (chiefly of the 
metaxylem) may be classified into the following three types (i-iii in Tab. ID), 
the presence or absence of the secondary elements in these types and their 
amounts, if present, being also considered. 

(i) The conducting elements are arranged in radial rows that are separated 
by well-defined rays, the elements in a row occurring in succession, beginning 
from the protoxylem in the form of a chain. 

This type is present without exception in the woody plant groups, viz. 
Sf. Saxifragoideze-Ribes, Sf. Pterostemonoideze, Sf. Iteoideze, Sf. Baueroideze, Sf. 
Brexioidez, most parts of Sf. Hydrangeoidez, and Sf. Escallonioideze. In these 
plants, cambial activity adds marked secondary elements, their amounts being 
especially large in the evergreen species (/tea- Sempervirentes, /xerba, and 
Carpenteria) In the herbaceous groups, there are also many representa- 
tives of this type, namely, Sf. Penthoroidee, Sf. Kirengeshomoideze (most 
always), and Cardiandra and Deinanthe among Sf. Hydrangeoideze. In Saxi- 
fragoidez, there are some herbaceous genera of this type: Astilbe (Photo. 1 C-H), 
Str. Leptarrhenie, and Tiarella and its allies (most always); Peltoboykinia, 
Neoboykinia (Fig. 8), Boykinia, also usually of this type. In these plants the 
quantity of secondary elements formed may be either small or considerable. Of 
the above mentioned plants, Kivengeshoma and genera from Sf. Saxifragoidez- 
Str. Saxifragina sometimes incline to the next type (77) (e. g. Fig. 14 B). 

(4) 'The conducting elements, which are also radially arranged, are 
separated by more or less prominent rays. Those in a radial row, however, 
do not show a continuous chain, but are interrupted by a single or a few 
parenchymatous elements. The arrangement of the radial rows tend to become 
somewhat irregular compared with type (7. Although secondary elements are 
formed, they are usually very small in amount. This type is found only ina 
small number of herbaceous genera, such as Rodgersia, Astilboides (Photo. 2 C) 
and Francoa (Photo. 6A). Kirengeshoma is often of this type. 

(iii) The conducting elements are irregularly disposed, solitarily or in 
a group of a few or several elements, there being no definite rays in the 
primary xylem. The secondary elements are entirely undeveloped or, if present, 
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their amounts are relatively small. In Saxifraga (Fig. 11 A; 13E) Chryso- 
splenium (Fig. 15 D, E), and Parnassia, this condition is typical. In these ex- 
amples, with the exception of Saxifraga stolonifera (à Diptera), there are no 
secondary elements. Ovesitrope, Aceriphyllum, and Bergenia are usually of 
this type, but they tend to change into type (zz). In these plants the secondary 
elements are developed, although in relatively small amounts. 

Thus, although the three types are not absolutely independent of one an- 
other, there are some examples that easily change into the other type. 
Usually type (7) prevails in both woody and herbaceous plants, development 
of the secondary elements being usually good, while the other types (Z) and 
(tii) are restricted to herbaceous plants. Type (Z) may be regarded as a con- 
dition intermediate between (7) and (Zi). l 


b. The pericycle 


In every species there is a pericycle which consists either of a single or 
a couple of layers (e. g. Saxifraga, Chrysosplenium), or occasionally of more 
than ten layers (e. g. certain Astilbe, Rodgersia, Astilboides, Carpenteria), but 
in many species, of several layers. The elements of the pericycle are sometimes 
parenchymatous, while in others they are sclerenchymatous or collenchymatous, 
the degree of thickening of which also varies. As to the question what parts 
of the vascular system and what kinds of elements are present, the condition 
just mentioned occurs in the species treated so far, in the following types: 
a. The same condition is observed throughout the whole vascular system. 
This type is divided into the following subtypes. 

1. The elements are parenchymatous (par in the column per in Tab. ID: 
in Pethorum (in many cases); in Bergenia, certain Saxifraga (e.g. S. fusca), 
Francoa (Photo. 6 A); in Parnassia; in certain Philadelphus, Whipplea, Platy- 
crater, Cardiandra, Deinanthe, many Hydrangea, certain Dichroa; and in 
Escallonia. 

2. Collenchymatous (col in Tab. II): Penthorum (often); certain Saxifraga 
(Fig. 11 A), Chrysosplenium (Fig. 15 D, E); and Carpenteria; belong in this 
category. 

3. Sclerenchymatous (scl in Tab. ID : in Leptarrhena only. 

b. Various conditions are localized in the vascular system. 

1. The elements are sclerenchymatous in the lower part or, rarely, up to 

slightly below or above the petiolar middle, they being either 
(i) parenchymatous throughout their further course in the petiole and 
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lamina (sp in Tab. ID: Aceriphyllum, in certain Saxifraga, in certain Tiarella, 
Heuchera, and Tolmiea ; or 

(ii) at first sclerenchymatous, while they become collenchymatous at a 
certain height of the slender part and above it (spc in Tab. II): in certain 
Tiarella, Mitella (rarely in M. japonica), and Tellima. 

2. Parenchymatous in the lower part, but gradually changes to collenchy- 
matous during its course in the slender part (pc in Tab. ID): in many Mitella 
(Fig. 14 B). 

3. Along almost the whole course of the petiole, they are sclerenchymatous, 
although they are 

(i) parenchymatous at the petiolar top and above it (sspp in Tab. ID: 
Peltoboykinia, Neoboykinia (Fig. 8), Boykinia ; Kirengeshoma, 

(ii) parenchymatous at the petiolar top and again sclerenchymatous in 
the lamina (ssps in Tab. II): Astilbe, Rodgersia, Astilboides, Tanakea (Fig. 
5 D), Ovesitrope ; 

(iii) collenchymatous at the petiolar top and above it (sscc in Tab. II): 
Ribes, Pterostemon. 

4. Along, at any rate, a certain length of the lower part, they are paren- 
chymatous, and then gradually become scierenchymatous at a certain height, 
usually near the petiolar top or in the lower part of the midrib, beginning in 
many cases from both ends of the dorsal arc and gradually proceeding towards 
the median part (ps in Tab. II): Itea; Roussea, Ixerba; Bauera; certain Phila- 
delphus, Deutzia, certain Hydrangea, Schizophragma, Pileostegia, certain Dichroa, 
Broussaisia ; Corokia, Carpodetus, Quintinia. 

Thus types a-1 (par) and a-2 (col) include representatives of various sub- 
families, while a-3 (scl) is seen only in Leptarrhena. On the other hand, upon 
looking over the representatives of type 5, one may easily find that the sub- 
families that are placed systematically in the latter half of the family, 
namely Iteoideze to Escallonioideze, have good resemblance, viz. all belong to 
the 5-4 (ps) excepting only Kirengeshoma (sspp), while those in the first half 
(Penthoroideze to Pterostemonoideze) are of various types (i.e. sp, spc, pc, sspp, 
ssps, sscc). The important distinction between the first and the latter is, at 
all events, in the contrarywise localization of the sclerenchymatous elements, 
that is, in the first they appear at first in the petiolar base, while in the latter, 
they increase as the bundles run up higher. Finally, it must be noted that 
the Saxifragoideae show also special diversities in these respects as well as in 
many other morphological and anatomical features as already pointed out. 
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According to THOUVENIN (1890), the nature of the pericycle in genera that 
are not treated in the present study may be classified as follows, viz. a-1 (par) 
in Zahlbrucknera, Vahlia, Tetilla; Jamesia, Decumaria; Abrophyllum, certain 
Escallonia ; b-4 (ps) in Brexia, Anopterus, certain Escallonia. f 


c. The starch sheath 


In every species treated in the present study, it is possible to distinguish 
a layer or rarely two layers of cells that are usually thin-walled parenchyma- 
tous or occasionally slightly lignified (Astilbe, Rodgersia, Astilboides, Tanakea, 
Peltoboykinia, etc.), and which are characterized by containing especially abun- 
dant but rather minute starch grains and frequently tanniferous substances or 
rarely crystals as well (Bauera, Carpodetus) Although their arrangement is 
either very regular or somewhat irregular, there are also cases in which a 
special thickening of the radial walls, namely the Casparian strips, may or 
may not be found. In the foregoing descriptions, these layers are usually called 
starch sheaths. As to the starch sheath, the following points seem to be very 
important, that is, (2) the type of starch sheath, viz. on which part of the 
bundles this layer lies; (5) the degree of regularity in the arrangement of these 
cells, and (c) the Casparian strips (the characteristics of these conditions in 
each genus are shown in columns ssh-a, b, c respectively in Tab. ID. 

(a) The starch sheath consists of the pericycle and the surrounding types 
(per and sur respectively in column ssh-a). 

(1) The pericycle type. In this type, the layer which is either long or 
short, is found only along the pericycle, so that in the collateral bundle, the 
layer guards its dorsal side in the form of an open arc. According as whether 
the bundle curves itself slightly or deeply, it takes a form somewhat like the 
letter C, so that in the concentric or nearly concentric bundles, it surrounds the 
bundle completely. 'This condition widely prevails over the whole family, i.e. 
some genera of Sf. Saxifragoideze— Asti/be, Oresitrope, Aceriphyllum, Bergenia, 
Peltoboykinia, Neoboykinia, Tiarella, Heuchera, Tolmiea, Mitella (partly), Tellima, 
and Ribes, and other subfamilies excepting Sf. Parnassioideze. When the petiolar 
bundles approach one another or fuse with one another and form either an open 
or deeply curved dorsal arc, as in the case of some Ribes, Pterostemon, Itea, 
Ixerba, Philadelphus, Deutzia, Hydrangea, Corokia, Carpodetus, etc., or a ring 
as in the case of Astilbe, Tiarella, certain Ribes, Roussea, etc., the layer either 
completely surrounds the vascular ring or guards the dorsal arc. 

* (2) The surrounding type. Each petiolar bundle is surrounded completely 
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by the starch sheath regardless of whether the bundle structure is collateral, 
semicircular, or concentric. This type is observable in Parnassia (Photo. 7 B) 
and some Saxifragoidez, i.e. Rodgersia, Astilboides, Leptarrhena, Tanakea, 
Boykinia, Saxifraga (Fig. 11; 13E), Mitella (partly, Fig. 14B), Chrysosplenium 
(Fig. 15D,E) and Francoa (Photo. 6 A,B), whereas in Parnassia, some Saxi- 
fraga (à Diptera, 2 Nephrophyllum, occasionally in the median bundle of a few 
of ? Boraphyla) and Chrysosplenium (à Alternifolia, Fig. 15D, Photo. 5F) there are 
usually more or less completely concentric bundles, whereas they are librifom 
collateral or semicircular in others. 

Thus we find that the two types appear at the same time only in Sf. 
Saxifragoidez, and sometimes in genera closely related to one another (Astilbe 
and Astilboides or Rodgersia, Neoboykinia and Boykinia), or rarely in different 
types even in one and the same genus (Mitella). 

(6) As to the degree of regularity in the arrangement of the starch sheath 
cells, it may be classed into three types, (1) very regular, (2) fairly regular, 
and (3) irregular or very irregular (in Tab. II, they are listed as vr, cr, and 
ir respectively in column ssh-b) These distinctions are, however, only for 
convenience, there being every intermediate condition. The arrangement is 
mostly irregular in all genera belonging to the Sf. Penthoroideze, Pterostemo- 
noidez, Iteoidez, Hydrangeoidez, and Escallonioidee, fairly regular in Kiren- 
geshomoidez and Baueroidez, very regular in Parnassioidez, while in Saxi- 
fragoidez and Brexioidez all these conditions are found. Of the latter two 
subfamilies, Saxifraga (¢ Diptera, Fig. 11), certain Chrysosplenium (Fig. 15 D, E), 
Francoa (Photo. 6A), and Roussea usually show a very beautiful arrangement, 
followed by Leptarrhena, Tanakea, certain Saxifraga e.g. ?Nephrophyllum 
(Fig. 13 E), Boykinia, Neoboykinia (Fig. 8), and certain Chrysosplenium. 

(c) Casparian strips are found in the following ten genera, i.e., Tanakæa 
(Fig. 5D), Neoboykinia (Fig. 8), Saxifraga (species of $ Nephrophyllum only, 
Fig. 13 E), Tolmiea, Mitella (Fig. 14 B), Chrysosplenium (Fig. 15 D, E), Parnassia, 
Roussea (Photo. 8 D), and Kirengeshoma, the strips being usually narrow and 
thread-like (especially clear in Roussea) or occasionally thin and in bands (e. g. 
Tanakea). The strips are not always found along the whole vascular system, 
but are restricted in some species to a certain length of a definite part of the 
system, namely, in Tanakga and Parnassia, in which the strips are found in 
the slender part of the petiole, in Roussea in the petiole and midrib, while in 
Tolmiea and Mitella they are usually present only in the lower part or rarely 
slightly above the petiolar middle. : 


— 
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THOUVENIN (1890) described the endodermis in Saxifraga, Tellima, Chryso- 
splenium, Vahlia, Francoa, Tetilla, Parnassia, Brexia, Roussea, Ixerba, Bauera, 
Escallonia, Quintinia, and Phyllonoma. According to his description some of 
them seem to belong to the pericycle type and others to the surrounding type. 
Although the Casparian strips are not described, his determinations seem 
chiefly to be based, judging from his illustrations and from the results of my 
present observation, not on the presence of the strips, but on the regularity 
in the arrangement of the layers." According to THouvENIN (1890) and Bour- 
GUES (1902), typical endodermis with Casparian strips, however, can be observed 
in many species of Saxifraga, namely, S. lasiophylla, S. Heuffolii, S. dentata, 
S. hirta, etc. The presence of the starch sheath or typical endodermis in the 
foliar organ of dicotyledonous plants seems to be restricted to a small number 
of families. 


C. Table showing the vascular anatomical and external 


morphological features. 


Lastly some important external morphological and anatomical features that 
were discussed in the foregoing articles are shown in a Table (Tab. II) so that 
the relations between the various systematic groups, viz. genera, tribes, sub- 
families, etc., may be seen at a glance. 


Tabii. 
External morphological features. 

Hab.: Habits of plants. h, herb; sh, shrub; a, tree. 

Lts leaf types. pal-n, palmately nerved simple; pel, peltate (always provided with 
radial nerves); pal-c, palmately compound; 3-c, thrice compound; s-pal, sub- 
palmately nerved simple; pen-n, penninerved simple; 3-n, trinerved simple. 

pt: face.of petiole (cf. p. 300 sqq.) bi, bifacial; su, subunifacial; u, unifacial, this 
type is subdivided into u,, us and ug. 

Anatomical features. 

Lg: number of foliar gaps. Difference in the number of lateral traces on one side 
and the other, » somewhat markedly; «« very markedly (cf. p. 291 sqq.). 

Tvs: Types of vascular system. I, IL, ... VII (cf. p. 294 sqq.). 

ssh: Starch sheath (cf. p. 307 sqq.) a, types of the starch sheath—per, pericycle 
type; sur, surrounding type. b, degree of regularity of arrangement— vr, very 
regular; cr, fairly regular; ir, irregular. c, Casparian strips—+, present; —, 
absent. 

per: Types of pericycle. par, col, scl, sp, spc, pc, sspp, ssps, sscc, ps (cf. p. 305 
sqq.). 

xyl: Types of woody part. i, ii, iii (cf. p. 304 sqq.). 
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Recessive cases are shown in parenthesis. 


SE I. Penthoroidez, II. Saxifragoideze, III. Parnassioideze, IV. Pterostemonoidez, 
V. Iteoidee, VI. Brexioideze, VII. Kirengeshomoideze, VIII. Baueroidee, IX. 
Hydrangeoidez, X. Escallonioideze. 


Ex. mor. features Anatomical features 
Sf Genera | ssh | 
Hab Lt | pt Lg Tvs | Xyl|— | per 
| | eT | a b|c| 
I. | Penthorum h |pen-n, bi 1 I ud per | ir un { (col) 
| Sa med 
925 | oak} 
Astilbe h m TCR {5 V | i | per ds |— | Ssps 
Rodgersia h|palc| us | 15-30* VL | ij sur | cr |=) S 
Astilboides h | pel us | 20-50>**| VI | Ji ESTEE cr Ssps 
Leptarrhena | h pan bi | 6-10" | 1 — i sur (OT) — sa 
| Tanakea h | pal-n| bi | 3-(4,5)* Tl | i | sur | cr |-| ssps 
Oresitrope | h pan) up | 8-13% | VI Wi) per | ir — sps 
Aceriphyllum | h | pal-n| su |10-15>** VI sii) per | ir |— | sp 
Bergenia | h | SM ua I5 VI iii (ii) per | ir = par 
| Peltoboykinia | h | pel | u 6-10* | VI i(i) per | cr | — | sspp 
Neoboykinia | h pakn| bi | 3-7* | VII() | i(ii) per (en x | sspp 
II. Boykinia | h|pa-n| bi |3,3-7*)| VII(I) |i(ii) sur I |+ | sspp 
| Saxifraga | | | vos 
| @ Diptera h | pal-n | Uy,U,| 3-7 VII iii | sur | vr | — { ae 
other sect. | h _ pal-n | bi 1 I | iii | sur E c+) par, sp 
| Tiarella h | pakbn| u, 3 I ii) per cr |— | sp, Spc 
Heuchera | h | pali us 3 I Ren) per | cr |—| sp 
Tolmiea h | pal-n| us | 3 I di). per cr | + | Spc 
 Mitell (ho pal-n us 3 I lian {Per cr | + pe (spe) 
Tellima h | pal-n| u, 3 I  [i(d) per | cr |—| spc 
Chrysosplenium h my bi 1 I un | sur T E: | col 
| Francoa | h | pen-n bi 5 VI(I) | H sur | vr a par 
| Ribes sh | pal-n feat i 3 ! I | i per E — | sscc 
| Ill. | Parnassia | h | pal-n| bi 1 VII | iii | sur | vr | + | par 
ae 72s i | | 
| IV. | Pterostemon ‘| sh | pen-n| bi 3 I | i | per & = | sscc 


\ 
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| Ex. mor. features | Anatomical features 
Sf Genera | ssh 
Hab Lt Die Le Tvs Xyl per 
| a b 
V. Ta B pen-n| bi 3 n d Ill) i | per | ie ps 
L Rie Dist ean E E TRITT: {i 
e xerba a | pen-n i | (I) i per | (cr) ps 
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IIl. Résumé 


(1) The first part of this paper describes in detail 170 species belonging 
to 44 genera of 10 subfamilies of the Saxifragaceze, the manner of departure 
of the foliar traces, their course in the petiole and lamina, as well as certain 
histological features, such as the woody part, pericycle, and starch sheath, 
together with additional remarks on some important external morphological 
features of the leaves, etc. 

(2) The second part discusses generally the nodal types, types of vascular 
‘course, the histological features, and their distribution among the systematic 
groups. The relation between anatomical and external morphological features, 
especially those between the course and the structure of the petioles, are also 
considered. | 

(3) In this family, the unilacunar, trilacunar, and multilacunar types of 
nodes are found, of which the trilacunar type is most prevalent. In species 
of unilacunar type, the condition that they are unilacunar is very stable, and 
nearly so in those of trilacunar type, although there are some species that 
usually appear to be trilacunar, but show that they are of multilacunar type 
when the plants or leaves become vigorous. In species which usually appear to 
be of multilacunar type, the number of gaps changes to a certain degree, such 
changes being progressively large in those showing a large number of gaps. 

(4) In some species of multilacunar type, the lateral traces on one side 
tend to differ from those on the other by a certain number of traces, such 
differences being an intimate relation external morphologically with the asym- 
metric construction of the petiolar base. | 

(5) The vascular system shows that the so-called sessiie leaf on the scape 
of Parnassia is only an apparent, and that it is a leaf provided with a 
petiole with which the flowering branch is fused as far as the petiolar top 
(pseudo-sessile). In certain Saxifraga and Chrysosplenium, there is also a 
tendency for the branch traces to fuse together for a short distance with the 
foliar trace. 

(6) Some species are provided with stipules that are either situated apart 
or closely approach one another, or meet exactly on the median line of the 
petiole, or fuse with one another and form a bilobed' or spatulate axillary 
stipule. Frequently there is no stipular supply. The stipular fascicules, if 
present, usually issue from the outer margins of the outermost traces, although 
in Astilboides a certain number of traces supply only the stipular fascicules. 
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(7) The vascular systems are divided into seven types with reference to 
the relative position of the bundles derived from the various original traces, 
the form of bundle, the formation of the ventral and medullary systems, and 
the manner of formation of the nerve bundle. 

(8) None of these types, however, are independent ; there are some delicate 
and intimate relationships with one another. 'The contacts among the types 
have been discussed in detail. 

(9) 'The bifacial, subunifacial, and unifacial types of the petiole are found 
in the family, the last type being subdivided into three cases according to the 
particular part of the petiole on which the unifaciality exist. 

(10) The characteristic features of the vascular system in connexion with 
unifacial, subunifacial, and bifacial structures could scarcely be discerned. 

(11) The types of xylem are divided into three according as the conduct- 
ing elements of the primary xylem are arranged in radial chains, or radially 
but are interrupted by the parenchymatous elements, or irregularly. Although 
these types are not independent of one another, there are some species that 
show intermediate conditions. The quantities of the secondary elements in 
these types are also considered. 

(12) The elements of the pericycle are either parenchymatous, collenchy- 
matous, or sclerenchymatous. The types of the pericycle are divided into two 
classes according to whether the same kind of elements are found throughout 
the whole vascular system, or whether elements of different kinds are localized 
in the vascular system, the former and the latter being subdivided into several 
types in accordance with the kinds of elements and the condition of localization 
of the various elements. 

(13) Two types of starch sheath are noted, namely, the pericycle type in 
which the starch sheath guards the bundle along the exterior of the pericycle, 
and the surrounding type in which: the starch sheath completely surrounds 
each bundle. The regularity of the elements and the presence or absence of 
the Casparian strips are also described, the strips, in some species, being not 
always found along the whole vascular system, but also restricted to a certain 
length in a definite part of the system. 

(14) Some important external morphological and anatomical features are 
shown in a Table to facilitate comparison of the characteristic features pre- 
vailing among the systematic groups. 
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